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ABSTRACT 


The Andean chain is divided in Colombia and Venezuela into several branches. 

The aim of the present article is to show that certain of these branches correspond 
with a folded geosynclinal zone, whereas other branches correspond with a block- 
faulted foreland. The Maracaibo Lake depression is interpreted as a ““Median mass” 
intercalated among the folded Cordilleras. 

Finally, the problem of the mutual independence of the Peruvian, Colombian, and 
Venezuelan folds is discussed and the writer concludes that the Colombian and Vene- 
zuelan Andes do not form an extension of the Peruvian folds. 


INTRODUCTION 


A part of the Andean chain situated north of the equator, that is, 
within the territories of Colombia and Venezuela, shows a particular 
structure in that it is subdivided into several branches separated by 
depressions. In Colombia these branches are: the Coastal Cordillera, 
the Western Cordillera, the Central Cordillera, and the Eastern Cor- 
dillera. The latter range, upon reaching the Venezuelan territory, is 
again subdivided into the Sierra de Perija and the Sierra de Merida. 
The intra-Andean depressions, separating these branches, are those 
of San Juan Atrato, Cauca, Magdalena, and the depression of the 
Maracaibo Lake. 

It seems that the nature and origin of these various elements, 
which together form the Northern Andes, is not uniform, and that 
some of them have a geologic history altogether different from that of 
the neighboring elements. 


1 Manuscript received, March 7, 1932; revised, December 28, 1932. 
2 Chief geologist, Compagnie Francaise des Petroles, 9, Square de Messine. 
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In this article an attempt is made to study the part played by these 
various elements, from the stratigraphic as well as from the tectonic 
viewpoint, and particularly to make a distinction between those ele- 
ments the origin of which is due to a folded geosynclinal sedimentation 
zone, and those which are connected with rigid and faulted forelands. 

Several points of the interpretation adopted in this article are dif- 
ferent from those which have been previously proposed. The writer 
hopes that even though his interpretation may be modified in the fu- 
ture, it will have reached its aim if it forms a basis for further discus- 
sions of this problem. 

The present article is based partly on personal] observations ob- 
tained during a rapid trip to Venezuela in 1929, and partly on the 
study of the existing geologic literature, particularly of the already 
old works of Hettner, Sievers, Karsten and Wolff, and the more re- 
cent publications of Steinmann, Stutzer, Grosse, Hubach, Sheppard, 
Liddle, and others, a detailed enumeration of which will be found in 
the bibliography. 

The writer is glad to take this opportunity to express his sincere 
gratitude to all who have facilitated his trip to Venezuela, as well as 
to his travelling companion, H. H. McKee. Finally, he wishes to thank 
W. P. Haynes and A. Miller, who have undertaken the translation of 
this article. 


PRINCIPAL SUBDIVISIONS OF ANDEAN SYSTEM 


In the Northern Andes the history of the Alpine orogenic move- 
ments practically had its beginning during the Lower Cretaceous 
period, when the Andean geosyncline originated. 

In this way, the distribution of the Cretaceous deposits allows us 
to make a first distinction between the zones which belonged to this 
geosyncline and those which remained outside of it. 

The Cretaceous deposits are very unequally developed and do not 
everywhere show the same facies in various parts of this general area: 
the maximum thickness is reached in the Eastern Cordillera of Colom- 
bia, in the Venezuelan Andes, and in the Sierra de Perija. In all these 
regions the Cretaceous deposits are represented by marine, fossilif- 
erous formations, such as shales, sandstones, and limestones, which 
have formed a very thick sedimentary series filling the geosynclinal 
basin. The following figures are intended to give a general idea regard- 
ing the thicknesses observed. These figures do not include the red 
sandstone series (Giron beds), the geologic age of which may extend 
from the Permian to the Cretaceous. 

An altogether different development took place in the Central Cor- 
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dillera of Colombia, in the Western Cordillera, and in the Sierra 


Nevada de Santa Marta. 
Approximate Feet 
Eastern Cordillera Southern Colombia 6,000* 
Eastern Cordillera Magdalena 
Eastern Cordillera Central part 
Sierra de Perija 
Sierra de Perija 
Sierra de Merida 


* Grosse. + Harrison. ¢ Engster. § Sievers. | Liddle. 


All the authors agree that Cretaceous deposits are almost com- 
pletely lacking in these areas, and that at numerous points Tertiary 
deposits lie unconformably over the basement rocks. However, some 
Mesozoic porphyrites are known in these regions, and Grosse has 
stated that Lower Cretaceous ammonites are present in marine inter- 
calations within these porphyrites in the region of Antioquia. There- 
fore, it seems probable that a part of Mesozoic porphyritic tuffs, por- 
phyrites, et cetera, which developed in the Western Cordillera and in 
the Sierra Nevada, may represent an eruptive facies of the Lower 
Cretaceous period. 

Thus, the unit formed by the Central Cordillera, the Sierra Ne- 
vada, and the Western Cordillera has a geologic history entirely dif- 
ferent from that of the Eastern Cordillera: these regions represent the 
border of the Cretaceous geosyncline, a zone the larger part of which 
remained above the sea-level during the Cretaceous period, inasmuch 
as Cretaceous deposits are found only on the edges of this zone and are 
represented only by an eruptive facies. 

Therefore, the distribution and the facies conditions of the Cre- 
taceous deposits indicate a division of the Northern Andes into two 
parts: (1) a geosynclinal zone in the Eastern Cordillera and (2) con- 
tinental areas which border this zone on the west. The contrast exist- 
ing between these two zones has already attracted the attention of 
several observers, and, in particular, has been recorded by Stutzer 
and Sievers. 

In order to again find Cretaceous deposits it is necessary to go as 
far as the Coastal Cordillera and the northern part of the Western 
Cordillera. In the first of these regions Hubach has reported the pres- 
ence of very thin (100 meters) marine Cretaceous formations with 
traces of ammonites. In the second region he observed much thicker 
Cretaceous deposits (1,000 meters), the presence of which in this re- 
gion will be explained later. 

These stratigraphic considerations clearly indicate that the branch- 
ing of the Colombian Andes does not correspond with a simple divi- 
sion of one folded mountain chain into several branches, but that this 
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system of branched chains is composed of several elements, each of 
which has had an independent geological development and is accord- 
ingly distinct from a stratigraphic point of view. 


MASSIFS OF WESTERN FORELAND 


This independence between the branches of the Northern Andean 
system is proved not only by their stratigraphic composition, but also 
by the tectonic structure of the various elements of this system. 

The Eastern Cordillera is a folded chain, compared by Engster to 
the Franco-Swiss Jura Mountains. Its folds are due to a compression 
of the previously mentioned geosynclinal basin, that is, of a zone 
where the crust offered little resistance and could therefore be affected 
plastically by this compression. The folds are inclined toward the east 
on the eastern flank and toward the west on the western flank. 

This structure shows that the geosynclinal basin was compressed 
between two rigid massifs, one of which was the Llanos foreland in the 
east, and the other the Central Cordillera in the west. 

In this way, the Central Cordillera, which from a stratigraphic 
standpoint appeared as a continental area, acted as a rigid block from 
a tectonic standpoint, and the contrast is very sharp between the 
compressed folds of the Eastern Cordillera and the enormous block 
of crystalline and Paleozoic rocks, which extend from Magdalena 
River to Cauca River. 

De Béckh arrives at a similar interpretation when he admits that 
“parts of the Central Cordillera and of the Western Cordillera played 
the réle of a ‘Median mass’ ’” in the Andean folds. Towards the north 
the Central Cordillera extends across the down-faulted Banco zone 
and its continuation is formed by the Sierra Nevada, several isolated 
outcrops forming the connection. Here again Sievers insisted on the 
contrast existing between the folded zone of the Sierra de Perija with 
its well developed Cretaceous deposits, and the compact block of the 
Sierra Nevada, where Cretaceous deposits are almost unknown, with 
the exception of some minor outcrops along its northern border. On 
this occasion Sievers has described the crushing of the Sierra de 
Perija folds against this obstacle. 

Recently, Joleaud also adopted this interpretation, but proposed 
to extend it to the crystalline cores of the Eastern Cordillera and of 
the Sierra de Merida, which, as demonstrated above, can not be done, 
inasmuch as these crystalline rocks seem to form the cores of Cre- 
taceous folds and do not have the character of outside masses included 


1 H. de Boéckh, G. M. Lees, F. D. S. Richardson in J. W. Gregory, The Structure of 
Asia (London, 1929), p. 165. 
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in these folds. Finally, after a recent exploration of the Sierra Nevada, 
S. Weigner' came to the conclusion that this massif does not belong to 
the Andean folds, thus confirming the interpretation of Sievers. 

Opinions have greatly varied as regards the part played by the 
Goajira Peninsula. By some this peninsula has been considered to be 
an extension of the Sierra de Perija, but Stutzer has shown the con- 
trast existing between the considerable thickness of Cretaceous de- 
posits within the Montes de Oca, which form the northern extremity 
of the Sierra de Perija, and their very small thickness in the Goajira 
region. Moreover, the folds of the Sierra de Perija, striking northeast, 
change their direction near the Goajira, and turn toward the east and 
even east-southeast. 

For these various reasons, it would seem preferable to consider the 
Goajira as belonging to the same general system as the Sierra Nevada. 

The relation between the folds of the Eastern Cordillera and the 
border region of the Central Cordillera is clearly explained in the 
works of Grosse, as regards Southern Colombia, and in the works of 
Hubach and Stutzer, as regards the Magdalena valley. They show 
that the folds of the Eastern Cordillera strike northeast, whereas the 
border of the Central Cordillera extends north-northeast or north, so 
that in fact the folds strike obliquely toward the border, and, when 
coming from south to north, it can be observed how the extension of 
these folds is successively stopped by this border. Therefore, it can 
not be said that they form branches of and detach themselves from 
the Central Cordillera, as, on the contrary, their development is 
stopped by the crystalline massif. This is an example of the classical 
case described by Argand of a group of folds pressed against an obsta- 
cle and striking obliquely toward it. 

Thus, the same conditions prevail along the entire border of the 
Cretaceous geosyncline: the extension of folds which originated within 
the geosyncline was stopped by rigid massifs, which during the folding 
period acted as obstacles; these are the Central Cordillera, the Sierra 
Nevada, and the Goajira. 

The extension of this zone toward the east is more difficult to fol- 
low, inasmuch as the contact of the various elements is hidden by the 
sea. Probably this extension can be looked for in the Paraguana 
Peninsula and the islands bordering the northern part of the Vene- 
zuelan coast. The Paraguana Peninsula was considered by Sievers as 
a prolongation of the Sierra de Perija beyond the Maracaibo depres- 
sion, but this does not seem probable, because of the analogy of its 
structure with that of the Goajira on the one hand, and the Aruba and 


1 Oral communication. 
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Curacao islands on the other hand. This analogy has already been 
mentioned by Sievers, and, more recently, by Liddle. The east-west, 
or even east-southeast or west-northwest strike of the Cretaceous 
formations in the Goajira region, confirms this interpretation. From a 
tectonic standpoint the east-west extension of the extremity of the 
Sierra de Perija and its continuation toward Taos Island involves the 
existence of a barrier on the north formed by the Goajira, the Para- 
guana, and the islands of Aruba, Curacao, Bonaire, et cetera. 

The question which then arises is to determine whether the massifs 
situated on the western border of the geosyncline should be considered 
as “‘Median masses” included among the Andean folds, or whether 
they belong to the foreland of the latter. It is difficult to solve this 
problem, but the following statement can be made. 

The Western Cordillera is distinguished from the Central Cordil- 
lera only by a greater development of Mesozoic igneous rocks and they 
are separated from one another by the Cauca valley. According to the 
recent researches of Stutzer and of Grosse there can be no doubt as to 
the fact that the Cauca valley is a down-thrust valley. A series of 
faults cuts it into a number of secondary horsts and grabens. Thus 
there is no organic difference between the Central and Western cor- 
dilleras: they are separated fragments of one tectonic unit. 

Toward the north, some complications appear, which have been 
described in the interesting studies of Hubach. The Western Cordil- 
lera is divided into several branches, the continuation of one of which, 
extending under the depressed valley of the Atrato, is the Panama 
Cordillera. It disappears in the sea somewhat northeast of Colon. 
Another less developed branch extends along the left side of Sinu; 
finally, the last one forms the ridge between Sinu and San Jorge; it 
continues in the Carmen de Bolivar region by a system of Tertiary 
folds. 

Whereas the depression of the lower course of the Cauca, as well as 
that of the Banco region, corresponds to a simple morphological de- 
pression of the crystalline basement filled by Neogene and recent sedi- 
ments, but slightly disturbed,—Cretaceous and Tertiary deposits are 
developed in the region between the Uraba Gulf and the Sinu, which 
have been closely pressed into a system of very acute folds by pressure 
from the bordering massifs. 

Not much can be said about the Coastal Cordillera, the crystalline 
core of which extends from Garachine to Gorgona Island and is cov- 
ered by only slightly developed sedimentary formations. On the con- 
trary, Neogene and Quaternary deposits are well developed in the 
large depression of the Choco. 
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Thus, in all the region situated between the Eastern Cordillera and 
the Pacific Ocean, that is, in the Central, Western, and Coastal cor- 
dilleras, the same stratigraphic conditions prevail: the crystalline 
basement is exposed in large areas, Cretaceous deposits are only 
slightly developed, or even completely absent, with the exception, 
however, of the depressed zone of Uraba Bay, where deeper condi- 
tions prevailed, and Tertiary and Quaternary formations unconform- 
ably and directly overlie the crystalline basement and fill the depres- 
sions. 

Therefore, there is no reason whatever to consider this system as 
other than a rigid foreland, a continental basement, which forms the 
western part of the framework of the Andean geosyncline. However, 
this basement has been affected by a system of dislocations, this being 
the origin of the intra-Andean depressions of Rio Magdalena and Rio 
Cesar, of Rio Cauca, and of Rio San Juan and Rio Atrato. 

This general interpretation seems to correspond more accurately 
with the various facts observed rather than the hypothesis of Suess, 
which is still being frequently repeated and according to which these 
various elements are diverging branches, originating from a single 
trunk. The foregoing interpretation seems also to be preferable to the 
theory of de Béckh—exposed in a rather unexplicit manner—and 
according to which the unit formed by the Central and Western cor- 
dilleras seems to be an old geanticline, parts of which acted later as 
a “Median mass.” 

The Magdalena depression has been considered by Stille as a rift 
valley, and this interpretation has recently been adopted by Harrison. 
In fact, however, the location of this depression coincides with the 
border between the folded zone and its foreland, and therefore belongs 
to the type of large depressions, which, for instance in the Alps, extend 
between the Alpine folds and the foreland massifs, such as the Rhone 
valley. As demonstrated by Stutzer and later by Grosse, the Cauca 
valley corresponds in fact with a rift valley, which separates the two 
parts of one unit formed by the Central and the Western cordilleras. 
The mutual relation existing between these two massifs is confirmed 
by the fact that they join north of Antioquia. 

The detailed studies of Grosse have revealed the presence of west- 
ward thrusts in the Cauca downthrust and also the fact that the bor- 
der faults plunge east. It must therefore be admitted that the origin 
of this trough is connected with tensions and disruptions which in turn 
were due to effects of the Andean folding. The Alpine foreland again 
supplies examples of similar cases: for instance, the Limagne trough 
in the Central Massif in France, and the Rhone rift valley are due to 
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analogous phenomena. The presence of volcanoes in both cases only 
confirms this analogy. In spite of this, the dislocations of the Cauca 
region appear to be much more important and, in the same way, the 
volcanic phenomena, the distribution of laccolites, et cetera, are much 
more intense. 

On the contrary, the depression of the Lower Cauca, as well as 
that of the Banco, which continues the former, seems to correspond 
with a simple plunge of the crystalline basement, unconformably cov- 
ered by Upper Tertiary and Quaternary deposits. This plunging move- 
ment is possibly connected with a system of transverse faults, as has 
been admitted by Harrison. 

The depression of the San Juan and Atrato rivers also seems to 
correspond with another terrace of the foreland, the dislocations of 
which seem to have played an important part in the localization of 
volcanic phenomena, whether old (Mesozoic) or recent. 

In summary, it can be stated that according to the writer’s inter- 
pretation, the Andean system can be subdivided into two principal 
zones: (1) a geosynclinal basin, which became a zone of subsidence 
during the Lower Cretaceous period and which has been folded by the 
successive Andean movements during the Upper Cretaceous and the 
Tertiary epochs into a series of tight folds. This area is a plastic zone 
of the crust, bordered on the east by a foreland represented by the 
Llanos plateau, which forms the edge of the Brazilian shield, and on 
the west by (2) a western foreland representing a rigid continental 
area, where the effects of the movements which affected the geosyn- 
clinal zone brought about breaks and dislocations, which subdivided 
this foreland into a series of blocks separated by depressions. 

Thus this system would in certain ways appear as a homologue of 
the Bolivian plateau and would be an example of what Staub called 
“randliche Zwischengebirge,”’ that is, the deformed border of conti- 
nental areas. But whereas the Bolivian plateau shows structures 
thrust and overthrust toward the east, the corresponding elements in 
Colombia are thrust toward the west, which is quite normal in con- 
sideration of their symmetrical location with regard to the geosyn- 
clinal axis. 

Toward the south, the Central and Western cordilleras extend 
through the territory of Ecuador, showing a similar structure, that is, 
a zone of Mesozoic basic igneous rocks in the west, a down-faulted 
area in the center, which is filled here with volcanic products, and a 
crystalline zone in the east. This system continues as far as 5° South 
latitude, where it disappears at the Peruvian frontier. On the south 
there is only a zone of tightly pressed Andean folds, as has been shown 
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by Steinmann. These folds, striking first north-northwest, turn west 
between 9° and 5° South latitude, forming the Andes of Chimu, which 
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Crystalline foreland massifs 
in Colombia 


ut “Main faults of the foreland 


Fic. 1.—Tectonic sketch of northern Andes. Folds of northern Peru, only schematically 
drawn. AA’ and BB’: cross sections, Figure 2. 


in this way are located south of the crystalline massifs of Colombia 
and Ecuador. The strike of the folds is west-northwest; it is perpen- 
dicular to the general trend of the crystalline massifs. 

This confirms the independence of the north-northeast striking 
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Fic. 2.—Schematic cross sections. For location, see Figure 1. 


| a | 
|| 
— = - 
ay === VEJNE 
Ay ===> = 
5 / 
J | | 
¢ \ 
b } 
| 
sé 
Core. Orentel 
nw Couce Magoelere Llenos 


220 HENRY DE CIZANCOURT 


faults of this latter group from the folds striking northeast in the East- 
ern Andes of Colombia, and west-northwest in the Chimu Andes. 

The Amotape massif should be included in the system formed by 
the crystalline massifs of Colombia and Ecuador, as indicated by its 
block-faulted tectonic structure, where faulting prevails, affecting the 
oil-bearing regions of northern Peru and Ecuador. 


BRANCHING OF MARACAIBO LAKE 


The second of the Andean branchings is the one which affects the 
Eastern Cordillera of Colombia, dividing it into two branches sepa- 
rated by the topographic depression of Lake Maracaibo. 

The explanations of this phenomenon have varied considerably 
according to different authors. Hettner considers that this depression 
is a down-faulted area, whereas according to Sievers and Hubach it 
corresponds with an axial plunge of the folds located between Rio 
Catatumbo and Rio Zulia, these folds reappearing in the Falcon re- 
gion. Liddle is of the opinion that the Maracaibo Lake corresponds 
with a geosynclinal basin surrounded by structures plunging toward 
the north on the western flank and toward the south on the eastern 
flank, due to a rotational movement of orogenic forces. Staub was the 
first to admit the existence of a deep buried massif, or ““Zwischenmas- 
siv,”’ which would have divided the Eastern Cordillera into two 
branches. 

As already explained, the system formed by the Eastern Cordillera 
in Colombia and the Sierra de Perija and Sierra de Merida in Vene- 
zuela corresponds with a folded zone of a geosynclinal character. 
Stratigraphically this system is characterized by the presence of very 
thick deposits, few of which, however, are deep-sea deposits. Many of 
them belong to the type of Flysch deposits, very similar to the Alpine 
Flysch, and are due, as are the latter, to a sedimentation in a gradually 
subsiding basin. In general, this type of deposits is poor in fossils, but 
such fossils as have been found clearly belong to the Mediterranean- 
Alpine type, as has already been demonstrated by Haug and Collet. 

The important point which should be specially emphasized is that 
these deposits indicate a relatively plastic zone of the crust, which was 
sinking continuously during the Cretaceous period until the time when 
it was folded due to the compressive action of the forelands. It is prob- 
able that a part of the crystalline basement had already formed sev- 
eral geanticlinal ridges, and in this connection Hubach shows the 
facies differences of the Cretaceous deposits between the western and 
the eastern parts of the Eastern Cordillera. 

Toward the south the intensity of the folding decreases and simul- 
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taneously the entire series loses gradually its geosynclinal character. 
Recent explorations of Sinclair and Wasson in Ecuador showed that 
the thickness of Cretaceous deposits is reduced here to less than 2,000 
feet. Moreover, above the Cretaceous formations appears the conti- 
nental facies of the Puca formations, which are mainly developed on 
the Bolivian plateau. This is the southern extremity of the geosyncline. 

From a tectonic standpoint the Eastern Cordillera of Colombia 
forms a group of tightly pressed folds, most of which show only Cre- 
taceous formations. However, some of them are sufficiently uplifted 
and eroded to show outcrops of the Paleozoic crystalline basement. 
The maximum width of this tectonic unit is located between 4° and 6° 
North latitude and it strikes northeast. Between 6° and 8° the folds 
turn north, and due to the upward trend of the axes the basement 
rocks crop out in the region of Ocana-Pamplona-Bucaramanga. These 
folds continue in the Catatumbo basin, and after curving northeast, 
where crossing the Venezuelan border, they turn again north, accord- 
ing to a very remarkable disposition which can be seen in the anti- 
clines of Buena-Esperanza, Rio de Oro, Rio Tarra, and Cucuta. 

The Sierra de Perija appears north of Catatumbo and continues 
the preceding zone, showing a well pronounced en échelon structure. 
At 11° North latitude, instead of extending toward the Goajira, as 
the geographical disposition seems to indicate, the Sierra de Perija 
turns abruptly east and, farther on, even east-southeast, toward Taos 
Island, where the same strike can be observed. 

The Sierra de Merida appears in the vicinity of San Cristobal and 
extends as far as Barquisimeto. It is separated from the Eastern Cor- 
dillera by the Tachira depression, which is filled with Lower Tertiary 
deposits and shows some Cretaceous anticlines (Rubio, Lobatera). 

The Sierra de Merida doesnot seem to be a direct continuation of 
the Eastern Cordillera for the following two reasons. 

The first reason is the difference in the tectonic style existing be- 
tween these two chains: indeed, the Eastern Cordillera is formed by a 
series of tightly pressed folds, showing en échelon structure, and the 
crystalline cores of which appear at some places in the form of narrow 
outcrops. On the contrary, the Sierra de Merida is a large anticlinal 
arch, a large ground-fold the crystalline core of which forms one block 
and extends as far as Barquisimeto with a maximum width of 100 
kilometers. 

The second reason is that the Cretaceous folds of the Tachira de- 
pression, striking northeast, north, and north-northwest, do not seem 
to continue directly either the Cucuta folds or the ground-fold of the 
Sierra de Merida. 
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Thus, although a connection at depth between the crystalline 
basement of the Eastern Cordillera and of the Sierra de Merida is evi- 
dent, it seems that these two systems have been folded independently. 
The Tachira depression corresponds with a zone where the two sys- 
tems of folds had been mutually stopped. 

The explanation of this structure can be obtained by the study of 
the Maracaibo Lake depression. 

This depression is bordered on its western and northern sides by 
the Sierra de Perija and its prolongation toward Taos Island, on its 
southeastern side by the Sierra de Merida, on the south by the plung- 
ing ends of the folds located between Rio Catatumbo and Rio Zulia, 
and on the east by the extremity of the Falcon folds. 

In the south, the folds which strike from south to north plunge 
toward the north, as already mentioned. 

In the east, the Falcon folds, which generally strike northeast, 
curve toward the south where approaching the Lake of Maracaibo, 
and their extremities plunge in a southward direction. This disposition 
is well marked in the anticlines of El Tigre, Muralla, Mene Grande, 
Motatan, to mention only the principal ones. 

Thus, as has been well pointed out by Liddle, the folds on the 
southern and southwestern border of the lake are curved toward the 
north, whereas the Falcon folds are curved toward the south. 

This structure can not be explained either by the presence of a 
fractured area, or by an axial plunge, as the folds on the two shores of 
the lake are not continuous with each other. 

In order to explain this, it would be necessary to know the struc- 
ture of the central part of the lake, but this is unfortunately impossible 
inasmuch as very thick Upper Tertiary and Quaternary deposits’ 
cover here the older formations. Therefore, a general indication as to 
the structure of this region can be obtained only by studying the form 
of the folds. 

The explanation suggested in this article admits the presence of a 
rigid massif, ““Zwischenmassiv,”’ or ““Median mass,” under the de- 
pression of Maracaibo Lake, this massif remaining included among the 
folds of the geosyncline as an inert mass. 

Therefore, this massif would have played a part similar to that of 
the Hungarian massif, located between the Alps and the Carpathian 
Mountains. Like the latter, it is hidden by Upper Tertiary deposits in 
a depression bordered by folded chains. 

The presence of this ‘Median mass’”’ permits us to explain in a very 
simple way all the individual tectonic phenomena observed in the 
structures which border the lake. 
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Figure 3 shows the location of the various tectonic zones: the 
geosynclinal basin being compressed between two forelands in the 
east and in the west, the displacement of which is indicated by arrows. 

The presence of the Maracaibo massif within the folded area gave 
rise to two zones where the compression reached its maximum: these 
two zones are now the Sierra de Merida and the Sierra de Perija. This 
interpretation is confirmed by the fact that the folds of the south- 
eastern border of the Sierra de Merida (Barinas) are inclined toward 
the southeast, whereas the folds of the northwestern border are in- 
clined toward the northwest. 

Now it can be understood why the Sierra de Merida, being a new 
anticlinal structure, acted as an obstacle against the development of 
the folds of the Eastern Cordillera. The Tachira depression corre- 
sponds with a zone where the two systems of folds met. 

The Sierra de Perija is a continuation of the Eastern Cordillera 
with en échelon structure, which is so common in this part of the Cor- 
dillera. The folds of the Eastern Cordillera, located in the south- 
western corner of the Maracaibo Lake depression, are inclined toward 
the east, which indicates an equal eastward movement of the folds. 
It is now clear how their further extension was stopped by the south- 
western border of the Maracaibo massif and why they were obliged 
to change their original strike into a north-south strike. 

At the same time, the compression which formed these folds was 
less strong in the vicinity of the border of this massif, and, in conse- 
quence, these folds gradually disappear toward the north. This struc- 
ture corresponds with what is called “‘virgation du second genre”’ by 
Argand. 

The structure of the northeastern corner of the lake can be ex- 
plained in the same manner. fn this region the folds are inclined to- 
ward the north or the northeast, which indicates a thrust in the same 
direction. The northeastern border of the Maracaibo massif stopped 
their movement and curved their extremities toward the south. 
Exactly as the folds of the southwestern corner of the lake and for the 
same reasons, the folds of the northeastern corner gradually disappear 
where approaching the massif. 

It is useless to discuss further the mechanism of these tectonic 
movements, which are shown on Figure 3. 

The great thickness of sedimentary deposits which cover the Mara- 
caibo massif (which is proved by the wells drilled on the western shore 
of the lake) may be suggested as opposed to the foregoing interpreta- 
tion. However, other examples of the same kind are known; for in- 
stance, several depressions located within areas of folded chains corre- 
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Fic. 3.—Tectonic sketch of Maracaibo Lake depression. 
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spond with deep massifs, such as the Hungarian massif between the 
Alps and the Carpathians, the downthrusts of the Mediterranean, and 
the Tarim depression in central Asia. The great thickness of Upper 
Tertiary and Quaternary deposits, covering the Maracaibo massif, is, 
therefore, not an argument against its existence, and it should be 
noted that the Maracaibo Lake depression offers at present more or 
less the same aspect as the Pannonian (Hungarian) depression during 
the Upper Miocene. 

The depth to which the Maracaibo massif did sink seems to be 
considerable, judging by the thickness of the sedimentary cover. This 
can probably be explained by a tendency toward an isostatic equilib- 
rium, corresponding with the great elevation of the crystalline cores 
in the Sierra de Merida and in the Sierra de Perija. 

However, a direct confirmation of the suggested interpretation 
could be obtained only by means of geophysical measurements. 


CONCLUSIONS 


In summary, the interpretation of the tectonic structure of the 
Northern Andes proposed in this article, is as follows. 

In the Northern Andes there are three principal and distinct tec- 
tonic elements. 

1. A geosynclinal zone is located within the area of the Eastern 
Cordillera of Colombia, the Sierra de Perija, the Sierra de Merida, and 
the Caribbean Cordillera. This zone is characterized by a very thick 
sedimentary series and has been folded first during the Upper Cre- 
taceous period and again during the Middle and Upper Tertiary 
periods. Toward the south, within the territory of Ecuador, this zone 
gradually loses its geosynclinal character. 

2. In the center of the geosynclinal zone, a rigid massif occupies 
the depression of Lake Maracaibo and is bordered by folded chains 
mentioned under r. 

3. The orogenic movements which folded the geosynclinal zone 
affected also the tectonic structure of the western foreland, which, in 
consequence of these movements, was divided into a series of blocks— 
horsts and grabens—separated by a system of faults, some of them 
being parallel with the edge of the geosynclinal zone, whereas others 
strike diagonally. 

Toward the south this dislocated foreland ends at 5° South lati- 
tude. In this area it prevents the further normal extension of the Peru- 
vian Andes and provokes their curving toward the northwest, that is, 
toward the Pacific Ocean, where they disappear (Chimu Andes). 

Thus the branching of the Andes is a purely morphologic phe- 
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nomenon and it is due to the juxtaposition of folded elements of a 
geosynclinal origin and of faulted elements belonging to a rigid fore- 
land. Moreover, there is no continuity between the folded zones of 
Peru, Colombia, and Venezuela: the Peruvian Andes end at 5° South 
latitude, and their extremity is formed here by the Chimu Andes; the 
Eastern Cordillera of Colombia is an entirely new chain, the extremity 
of which is formed by the Sierra de Perija; the Sierra de Merida is 
again an independent unit, which originates in the region of San Cris- 
tobal and the continuation of which is formed by the Caribbean Andes 
extending as far as the island of Trinidad. 

This tectonic structure is clearly reflected in the type of the cover- 
ing rocks. The dislocations and fractures which divide the foreland 
massifs in Colombia and Ecuador were utilized by the Mesozoic and 
Tertiary volcanic eruptions, whereas in the folded geosynclinal zones 
there are no volcanic phenomena and these zones show only marine 
formations. 

The problem of the distribution of petroleum reserves is not dis- 
cussed in this article, but it should be noted that there is a direct 
relation between the petroleum occurrences and the tectonic and 
stratigraphic zones, as here subdivided. All the large oil occurrences of 
Colombia and Venezuela are located on the borders of the folded geo- 
synclinal area, corresponding with a zone of rapid sedimentation in a 
gradually sinking basin. 
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RESERVOIR ROCKS OF PERSIAN OIL FIELDS' 
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ABSTRACT 


The paper gives a description of the reservoir rocks of three fields, Masjid-i-Sulai- 
man, Haft Kel, and Naft Khaneh. The reservoir rock is a limestone of Lower Miocene 
age called the Asmari limestone. It is a fine-grained foraminiferal limestone, mostly of 
low porosity, and the porosity of the rock is independent of the degree of dolomitization. 
Fracturing of the rock is the most important factor governing production. 


INTRODUCTION 


Three fields have been developed in Persia up to the present: Mas- 
jid-i-Sulaiman and Haft Kel near the head of the Persian Gulf, and 
Naft Khaneh on the Iraqi-Persian frontier northeast of Baghdad. The 
production of the last named field has not been important, as it has 
been limited to the requirements of local markets. Masjid-i-Sulaiman 
has been producing continuously since 1911 and has yielded 58,000,000 
tons to date. Haft Kel has produced 4,000,000 tons since production 
started at the end of 1929. 

The reservoir rock of all three fields is limestone. That of Masjid-i- 
Sulaiman and Haft Kel is the Asmari limestone, a thick-bedded for- 
aminiferal limestone of Lower Miocene age. At Naft Khaneh the equiv- 
alent formation has been given the local name of Kalhur limestone. 

This paper describes the-general characteristics of these Lower 
Miocene reservoir limestones, as it is from these rocks that the bulk 
of the Persian production has been drawn up to date. Oil in quantity 
has also been struck in the Eocene under the Masjid-i-Sulaiman As- 
mari limestone field, but as yet no heavy production has been drawn 
from this horizon. 


SUMMARY OF GEOLOGICAL HISTORY 


Sedimentation persisted almost continuously in the southwestern 
Persian geosyncline from later Paleozoic until the Pliocene. Up to the 


1 Manuscript received, November 14, 1932. Published by kind permission of the 
chairman and directors of the Anglo-Persian Oil Company, Ltd. 


2 Chief geologist, Anglo-Persian Oil Company, Ltd., Britannic House, Finsbury 
Circus. 
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end of Eocene time, the deposits were predominantly calcareous: 
limestones and marls. During the Oligocene and early Miocene the 
geosynclinal sea became more limited in extent, chemical deposits 
made their appearance, and eventually great thicknesses of anhydrite 
and salt were laid down throughout the long belt of country from the 
mouth of the Persian Gulf to northern Iraq, a distance of about 1,000 
miles. At first the lagunal conditions were comparatively local and 
temporary, but by the end of Lower Miocene time the formation of 
anhydrite, salt, and shale had become more continuous and exceed- 
ingly widespread. The deposits of this age have been named the Lower 
Fars. In Middle Miocene time, a freshening of the sea allowed the 
formation of shelly limestones and marls over wide areas, but in many 
cases these are associated with anhydrite beds. A gradual withdrawal 
of the sea followed and estuarine and terrestrial deposits were formed. 
The sandstones and shales of the Upper Miocene are called the Upper 
Fars and the sandstones and conglomerates of the Pliocene, the Bakh- 
tiari. The principal folding movements began in the Miocene and 
reached their greatest intensity in the Pliocene. They resulted in the 
formation of long narrow folds of great size. 


STRUCTURAL POSITION OF OIL FIELDS 


The oil fields are situated in a “foothill” zone of the Zagros arc. 
The high mountain front lies about 20 miles northeast of Masjid-i- 
Sulaiman and Haft Kel, and the mountains proper consist of tightly 
packed folds of Mesozoic and Paleozoic rocks. Stiil farther northeast 
are the great overthrust sheets or nappes. 

The Tertiary rocks occupying the foothill zone are thrown intoa 
series of long parallel folds, the detail of which is much complicated 
by the incompetence of the anhydrite-salt Lower Fars formation. 
Most of the anticlinal axes are marked at intervals along their length 
by crest maxima or elongated domal structures. For example, Asmari 
Mountain and Masjid-i-Sulaiman are two crest maxima on one axis 
separated by a simple saddle. At Asmari Mountain the limestone 
rises to a height of over 4,000 feet above sea-level, whereas at the oil 
field its highest point is just above sea-level. 

The earth movements causing folding acted from the northeast 
and anticlines formed are mostly asymmetrical, the southwest flank 
being the steeper. The southwest flank of Asmari Mountain is faulted 
and the intensity of the pressure has caused many small faults and 
local crumpling of the limestone. It will be seen in a later section of 
this paper that the shattered condition of the limestone at Masjid-i- 
Sulaiman is a most important factor in its function as a reservoir rock. 
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Naft Khaneh is situated in an area where the folding was less in- 
tense and the anticlines are separated by broader and simpler syn- 
clines. There is also a closer agreement between surface structure and 
that of. the oil-bearing limestone beneath the incompetent Lower 
Fars. 

MASJID-I-SULAIMAN 

The position of the oil-bearing structure is marked on the surface 
by copious seepages in the Lower Fars. The incompetence of this for- 
mation has resulted in an exceedingly complex surface structure which 
effectually conceals the existence of the broad simple anticline of As- 
mari limestone below; nor does the nature of this limestone at Asmari 
Mountain, 15 miles away, suggest the possibility of its being a prolific 
reservoir rock. It was thought at first that the production was ob- 
tained from limestones in the Lower Fars. The identity of the reservoir 
rock as the Asmari limestone was first established by S. J. Shand and 
his discovery was developed more fully by R. K. Richardson and 
other workers. 

The Asmari limestone is 1,000 feet thick (Fig. 1). It consists for 
the most part of thick-bedded gray fine-grained foraminiferal rock 
(Fig. 2). In the lower half, the limestones are interbedded with thin 
shales and anhydrite bands. The limestone is underlain by marls and 
marly limestones, among which is a single anhydrite bed 22 feet thick, 
120 feet below the base of the limestone. 

The early wells on the Masjid-i-Sulaiman field were all drilled with 
cable tools; casing was set in the cap rock, the basal anhydrite bed of 
the Lower Fars, and the wells were continued until oil was struck. It 
so happened that in the small area first developed, locally named Mai- 
dun-i-Naftun (the plain of oil), conditions were not altogether typical 
of the field as a whole. Most of the early wells obtained production on 
penetrating only a few feet into the limestone, and the rock was said 
to be “honeycombed.”’ Some wells blew out large quantities of rock, 
but unfortunately no samples have been preserved and no exact de- 
scription of the nature has been recorded. 

In 1924 R. K. Richardson! published a paper in which he ascribed 
the productivity of the reservoir rock to porosity caused by dolomiti- 
zation, and in the discussion of that paper Professor H. de Béckh re- 
ferred to the probable development of “rauchwacke’’ dolomites in 
zones where the limestone has a lagunal development, that is, where 
it is interbedded with anhydrite. Since that time, however, our knowl- 
edge of the reservoir conditions has been greatly extended and, al- 


1 R. K. Richardson, “The Geology and Oil Measures of South-West Persia,”’ Jour. 
Inst. Petrol. Tech., Vol. 10 (1924), pp. I-30. 
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Fic. 1.—Gorge on southwest flank of Asmari Mountain exposing Lower Miocene lime- 
stone named after mountain. 


Fic. 2.—Microphotograph showing organic structure typical of Asmari limestone, 
Masjid-i-Sulaiman. Depth, 569 feet below top of limestone. 
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though it is still far from complete, we can definitely state that neither 
of these theories has been supported by subsequent investigations. 

The Masjid-i-Sulaiman field has a length of 17 miles and an aver- 
age breadth of 3 miles. Several wells have been drilled through the 
whole thickness of the limestone and about one-third of the total wells 
drilled have penetrated more than roo feet true thickness of limestone. 
The depths into the limestone at which oil is struck bear no relation to 
definite horizons or to zones of characteristic physical type. A few 
wells have penetrated “‘tight”’ patches in the structure and have given 
little or no production; fortunately such patches are rare and local. 
A number of such wells have been shot in an attempt to improve pro- 
duction, but without result. The southwest flank is uniformly produc- 
tive, although there is considerable variation in the capacity of the 
wells. The northeast flank has not been so extensively drilled, but the 
results have shown less uniform conditions. Non-productive areas 
have been found on both pitching ends of the structure, where several 
completely dry wells have been drilled. 

During recent years, complete cores of the whole thickness of lime- 
stone have become available for study, and investigations into the 
petrological, physical, and chemical nature of the reservoir rock have 
been carried out. The data and descriptions here given are based 
largely on the work of J. McAdam, M. H. Lowson, and G. H. Hub- 
bard, and also on the writer’s personal observations. 

Figure 3 shows the detailed logs of three wells drilled through the 
limestone, and Figure 4 shows how a distinctive zone with Miogypsina 
may be correlated from end to end of the structure. 

The limestone at Asmari Mountain corresponds in general charac- 
ter and in thickness with the reservoir rock at the field, and within the 
field the succession remains remarkably constant. Slight differences 
in detail have indeed been recorded and there seems to be a tendency 
to thicken slightly towards the northwest. 

In accounting for porosity conditions in limestone fields elsewhere, 
it has been suggested! that a one-time exposure of the crest of the 
limestone allowed circulation of ground water within it, with the con- 
sequent formation of solution cavities and channels. This is not the 
case at Masjid-i-Sulaiman. The constant thickness of the limestone 
shows that no appreciable amount of limestone is lacking anywhere on 
the structure. Also the upper surface does not show any erosional ef- 
fects; instead, the cores show a transition from normal limestone into 


1 W. V. Howard, “Classification of Limestone Reservoirs,’ Bull. Amer. Assoc. Pe- 
trol. Geol., Vol. 12, No. 12 (December, 1928), pp. 1153-61; especially p. 1156, citing A 
N. Murray. 
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Fic. 3.—Detailed logs of Asmari limestone in three wells Masiid-i- 
Sulaiman. (For position of wells see Figure 4.) 
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the cap-rock anhydrite. It is true that the transition zone is confined 
to a few feet, indicating a fairly rapid change of conditions, but there 
is no clean-cut break. Figure 5 is a photograph of cap rock 3 feet above 
the top of the limestone. It shows wisps and stringers of foraminiferal 
limestone intermixed with anhydrite. 


= 


__ Fic. 4.—Correlation of limestone throughout Masjid-i-Sulaiman and comparison 
with Asmari Mountain (Kuh-i-Asmari). Wells mentioned in text are shown in plan. 


The outstanding impression given by an inspection of the lime- 
stone cores is the normal fine-grained character of the rock and the 
lack of obvious porosity. A core brought up fresh from the oil zone 
may bleed gassy oil freely, but mainly or even entirely from cracks in 
the rock or from small mineralized veins (Fig. 6). Many of the cracks 
show slickensided faces indicating movement, but in most cases where 
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such a crack crosses a recognizable band in the limestone it can be 
seen that the amount of displacement is negligible. Faulting has been 
proved on the southeast-pitching end of the limestone fold, but the 
degree to which correlation of the limestone is possible throughout 
the field shows that faulting on any scale is not common. The cracks 


Fic. 5.—Transition from As- Fic. 6.—Core of Asmari lime- 
mari limestone to Lower Fars. stone when withdrawn.. Oil is 
Masjid-i-Sulaiman. seeping from small cracks and 

cavities in rock. Masjid-i-Sulai- 
man. 


exhibited in the cores, therefore, indicate a general shattering of the 
limestone without much relative movement within the rock. Most of 
the cracks observed in the cores are highly inclined, at angles of 70° 
and over, but of course any low-angle cracks would cause the core to 
break in the barrel and direct evidence of such fractures can not be 
expected. 

Mineralized veins and cavities are not uncommon and their study 
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allows certain deductions to be drawn regarding the past history of the 
limestone. Such veins are mostly of calcite, though occasional veins 
of anhydrite and celestite have been found. Some cracks are com- 
pletely filled, while others have an open vug lined with well formed 
crystals. The width of such veins averages about } inch. These min- 
eralized veins were formed before the oil concentration took place, for 
they are themselves an indication of circulating water free of oil. The 
fractures which acted as channels for oil movement are of later date 
and they frequently cut through the earlier mineralized veins. Where 
these veins are completely filled with mineral matter they are free of 
oil, but where a vein has an open vug it can, of course, carry oil. The 
mineralized veins are common to unproductive patches and produc- 
tive areas alike and for this reason it seems improbable that they have 
any essential connection with the capacity of the limestone to carry 
oil. There may, however, be areas in which open veins and solution 
cavities have a greater development than anything found up to date, 
but even if this is the case it would have only local significance. 

Most of the wells which have been drilled far into the limestone 
were coniinued because the upper part was tight or gave insufficient 
production. Until recently we have had no information regarding the 
vertical distribution of production in the limestone in areas of high 
production. A well deepened to explore this condition, using a forma- 
tion tester, has shown that where the upper part of the limestone is 
prolific, production continues throughout its entire thickness. The 
core recovery of this well was exceptionally poor, indicating a highly 
shattered condition of the rock. 

The conclusions drawn from inspection of the cores, and from the 
behavior of the wells, are, therefore, that the important factor govern- 
ing the capacity of the Asmaritimestone as a reservoir rock is its shat- 
tered condition. The normal rock appears to be similar in prolific and 
non-productive areas alike, and the productive capacity is believed 
to depend on the degree to which fracturing has been effective. The 
performance of wells and pressure data show that there is very free 
connection, both laterally and vertically, throughout the reservoir. 

A detailed investigation into the porosity and the degree of dolo- 
mitization has been carried out, and it has been shown that earlier 
conclusions published by R. K. Richardson! were based on insufficient 
evidence. Porosity determinations have been carried out by cutting 
pencils of the rock, extracting the oil content by benzol in a Soxhlet 
apparatus, drying, and then calculating the porosity by measuring 
the volume of carbon tetrachloride absorbed by the rock. 

' Op. cit. 
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The results of this work are of importance in showing that the 
general porosity is low, that there is no simple relation between poro- 
sity and dolomitization, and that the primary nature of the solid rock 
is constant in productive areas and non-productive areas alike. 

The bulk of the oil has been drawn from the upper 300 feet of the 
limestone and the following porosity determinations for this thickness 
in two wells may be cited as an example. 


Well D Well H 
Per Cent Per Cent 
Average porosity for over 140 observations 
Proportion of observations over 10 per cent 
porosity 
Highest porosity determined 


Well D (see plan in Figure 4) is situated in an unproductive area 
and the cores show a complete lack of shattering and lack of free oil. 
Well H is situated in a good producing zone, although its own capa- 
city is not known, and almost every 5 feet of core showed one or more 
fractures which were bleeding oil actively when withdrawn. These 
results show that the normal porosities are of the same order in both 


cases. 

An investigation into a possible essential connection between po- 
rosity and dolomitization gave negative results. The following table 
gives the results in the upper 300 feet of limestone in well H. 


Percentage of 56 Percentage Percentage 
Observations Dolomitization Porosity 

13 Over 75 4.21-16.09 

4 51-75 12.99-15.83 

14 26-50 2.45- 8.93 

21 11-25 1.47-12.00 

48 Upto 10 1.07-13.01 

Similar results were obtained from a large number of determina- 
tions from other wells and throughout the thickness of the limestone. 
The rock can not in any part be called a pure dolomite, nor has it the 
crystalline or sugary appearance typical of a dolomite. It is essentially 
a calcium carbonate rock with admixture of magnesium carbonate in 
varying proportions. 

Permeability determinations have also been carried out and the 
results show that even the most porous rock yet found is quite incapa- 
ble of accounting for the large capacity of many of the wells. There 
is no doubt that large wells are fed directly by fissures in the limestone, 
and probably much of the total oil in the reservoir is held in fissures. 
In spite, however, of the general low porosity of the rock, there is 
sufficient rock of medium porosity, between ro and 15 per cent, to 
contain a very large quantity of oil. It is supposed that the oil entered 
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the reservoir rock via fissures and that the more porous parts have 
been filled from these channels. The fissures which supply producing 
wells are probably replenished from large faces of porous rock exposed 
to them. In the non-productive areas the lack of fissuring has pre- 
vented such porous rock as exists from becoming fully charged with 
oil, the body of the rock being apparently too dense to allow migration 
through its mass. Even in these areas, some parts of the limestone con- 
tain a little oil, but it is not recoverable. 

The very free fluid connection which has been found by experience 
to exist throughout the reservoir is further evidence in support of the 
view that communication is via fissures and not via porous rock. 


HAFT KEL 


The reservoir rock of Haft Kel field is also the Asmari limestone. 
Systematic investigations into the porosity and permeability of the 
rock have not yet been carried out, but experience has shown that the 
same general conditions prevail as at Masjid-i-Sulaiman. The lime- 
stone is of the same nature, but with a greater development of anhy- 
drite nodules in its upper part. As at Masjid-i-Sulaiman, some wells 
strike oil in quantity immediately below the cap rock, whereas others 
have been drilled as much as 200 feet into the limestone before obtain- 
ing sufficient production. There is considerable variation in the pro- 
ductive capacities of various wells, depending presumably on the 
degree of shattering in the limestone. 


NAFT KHANEH 


The stratigraphy of the Naft Khaneh field is shown in Figure 7. 
At Masjid-i-Sulaiman there is a sharp passage from Lower Fars shale, 
salt, and anhydrite to Asmari limestone, and no oil showings of any 
consequence are encountered in the Lower Fars. At Naft Khaneh, 
however, the basal part of the Lower Fars is a transition zone contain- 
ing a number of limestones or groups of thin limestones interbedded 
with anhydrite and shale. The entire production of Naft Khaneh up 
to date has been drawn from these limestones. The Kalhur limestone 
is 235 feet in thickness and is also oil-bearing. It is in part a forami- 
niferal limestone, in part somewhat dolomitic with only obscure traces 
of organic structure, and in part odlitic. The limestone is underlain by 
about 400 feet of anhydrite, salt, and thin limestones, below which lie 
marls and marly limestones similar to those underlying the Asmari 
limestone at Masjid-i-Sulaiman. The anhydrite and salt indicate a 
locally intense lagunal phase, represented at Masjid-i-Sulaiman by 
thin beds of anhydrite in the lower part of the Asmari limestone. 
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The Naft Khaneh field lies across the Iraqi-Persian frontier, but as 
far as the reservoir rock is concerned it can not be said to be typical of 
the fields of either country. A description of the reservoir rocks of the 
Iraq fields is outside the scope of this paper, but it must be mentioned 
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Fic. 7.—Stratigraphy in Naft Khaneh field. 


that although the oil-field belt is continuous from Persia into Iraq. 
there are many differences both structurally and stratigraphically. 
In much of Iraq the Lower Miocene limestone is very poorly de- 
veloped or is absent altogether, and the reservoir rock is of Oligocene 
and Eocene age with, in general, a more porous character. 
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ABSTRACT 


The lower Permian beds of Logan and Lincoln counties, Oklahoma, are described 
and their thicknesses measured. Some new subdivisions have been introduced, new 
names submitted, and a map showing their areal distribution made. 
The alternating red sandstone and red shale beds from the base of the Permian up 
to and including the Garber sandstone are thought to have been deposited, for the most 
part, under deltaic conditions. 


INTRODUCTION 


In the course of more than two years of detailed structural map- 
ping in Logan and northwestern Lincoln counties, Oklahoma, the 
writer has been able to partially re-subdivide the formations of the 
lower Enid group of the Permian. The writer realizes the incomplete- 
ness of the work, but since his investigations have been terminated in 
the area, it may be of benefit to make known the results thus far ob- 
tained. 

Nothing has been published to materially show, in more detail, 
the approximate areal extent of the formations of the lower Enid of 
this area since Aurin, Officer, and Gould’s* paper was published in 
1926. 
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The problems have been discussed with various field geologists 
working in the area. Mechanical analyses of sandstone samples from 
this area and a laboratory study of the dolomitic conglomerates were 
made under the direction of G. L. Knight, of the department of ge- 
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* Manuscript received, August 6, 1932. Published by permission of The Pure Oil 
Company. 


2 Box 359. 


3 F. L. Aurin, H. G. Officer, Charles N. Gould, “The Subdivisions of the Enid 
Formation,” Bull. Amer. Assoc. Petrol. Geol., Vol. 10, No. 8 (August, 1926) pp. 786-99. 
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PHYSICAL CONDITIONS 


Elevations in Logan and northwestern Lincoln counties range from 
850 to 1,200 feet above sea-level. The main drainage is to Cimarron 
River, which flows eastward through the northern part of the area. 
Due to fairly mature topography throughout a considerable part of 
the area, outcrops are abundant enough for detailed work. Vegetation 
is an aid in correlating sandstones and shales in this area. Blackjack 
oak trees grow well in sandy soil, but generally do not grow in clayey 
or shaly soil. 

STRATIGRAPHY 
GENERAL 


In starting work in the area the field geologist is confronted with 
the fact that none of the subdivisions or horizons on the north is easily 
recognizable in the area except the Cushing limestone near the base 
of the Permian, and the top of the Garber formation 1,800 feet above 
the Cushing limestone. Alternating red sandstone and red shale beds 
which are monotonously similar in appearance comprise the 1,800 feet 
of intervening beds. Few of the beds above the Cushing limestone are 
resistant enough to make prominent escarpments. Therefore, struc- 
tural determination is extremely tedious, and because of variations in 
the thicknesses of the beds, correlations are hazardous. Changing cur- 
rents during deposition have caused beds to thicken and thin, to be 
channeled, and to be terminated so abruptly as to resemble faulting. 
Bases of sandstones where they are in contact with shales are ordi- 
narily somewhat wavy and where exposed in railroad cuts consist of a 
series of scallops which are as much as 20 feet across and several feet 
in height. These irregularities in the bases of the sandstones may have 
resulted from the scooping out of the tops of the underlying shales by 
strong currents associated with the incoming sand deposition. 

The shales are jointed and break with a conchoidal fracture. Bed- 
ding planes are rarely found. All the shales contain considerable silt. 

A vertical section from the base of the Foraker limestone to the 
top of the Garber sandstone is shown in Figure 1. All but the lower 
few hundred feet were studied, but an accurate interval from the top 
of the Cushing limestone to the base of the Fallis' sandstone was ob- 
tained from core-drill information supplied by Charles C. King.” 

The areal distribution of the formations is shown in Figure 2. New 
names have been introduced. Whether or not they deserve the rank 

1 Name available according to the records of the Committee on Geologic Names, 
United States Geological Survey. 

2 Charles C. King, 804 Wright Building, Tulsa, Oklahoma. 
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assigned them will depend on the results of future detailed work in this 
area and the adjacent territory. 
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Fic. 1.—Generalized Permian section in T. 16 N., Rs. 5 E.-4 W., Logan and Lincoln 
counties, Oklahoma. 


This is the region where red-bed deposition started down in the 
Pennsylvanian. The color change from grays and blues to reds is not 
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the dividing line for separating the Pennsylvanian from the Permian.' 
The writer uses the base of the Foraker limestone for the base of the 
Permian, since the base of the Foraker limestone is the horizon at 
which R. C. Moore puts the Pennsylvanian-Permian contact in recent 
correlations.’ 

The writer is not qualified to discuss the merits of the various 
horizons that have been used in the past for the base of the Permian. 
Moore’s correlation is taken because it is the most recent and is more 
serviceable for this area than some of the others. 
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Fic. 2.—Map showing areal geology in portions of Logan, Lincoln, and Payne coun- 
ties, Oklahoma. 


The regional dip is slightly south of west at the rate of about 35 
feet per mile. 


DOLOMITIC CONGLOMERATES 


Throughout, the formations described in this paper are dolomitic 
conglomerates occurring as beds which are usually thin compared with 
the shale and sandstone beds, few of them being more than 5 feet in 
thickness. The conglomerates generally are present at the bases of 


1 Charles N. Gould, “The Correlation of the Permian of Kansas, Oklahoma and 
Northern Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 10, No. 2 (February, 1926) pp. 
144-53- 

2 R. C. Moore, “Correlation Chart of Post-Devonian Rocks in Part of the Midcon- 
tinent Region,” Guide Book, Fifth Annual Field Conference, sponsored by the Kansas 
Geological Society (August 30 to September 5, 1931). 

Raymond C. Moore, “‘A Proposed New Type Section of the Pennsylvanian Sys- 
tem.”’ Paper presented at the Forty-Fourth Annual Meeting, Geol. Soc. Amer. (Tulsa, 
Oklahoma, December 29-31, 1931). 
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sandstones. Here and there they are developed as separate beds in the 
shales and in a few cases they are found as lenses of small area inclosed 
in massive cross-bedded sandstones. In any occurrence the conglomer- 
ates are discontinuous. 

Dott! calls the beds ‘‘pseudo-conglomerates” in describing the 
formations of the Enid group exposed in Garvin County, Oklahoma. 

A study of these dolomitic conglomeratic beds has been made by 
Merritt and Minton.” The beds are tentatively considered by them to 
be intraformational conglomerates. 

Wegemann* very thoroughly describes similar beds in the Wichita 
formation of southern Oklahoma. These conglomerates evidently have 
a widespread distribution throughout the lower Permian beds of 
Oklahoma. 

The writer’s observations on the pebbles of these conglomerates 
suggest that they consist mostly of sandy shaly dolomite, red to gray 
in color. Fragments of shale are present in minor amounts. Some of the 
sandy dolomitic pebbles are laminated; however, laminated pebbles 
are rare. Many of the nodules are veined with calcite or dolomite. 
Practically all of the pebbles, laminated, non-laminated, or septarian 
in character, contain detrital quartz, in varying amounts, which is 
generally of much finer texture than that found in the matrix. All 
shapes from angular to spherical are developed with rounded forms 
predominating. Many of the rounded septarian nodules are very simi- 
lar to concretions found in the red shales of this area. The pebbles 
vary in size from microscopic dimensions to as much as 3 inches in 
diameter. In a single specimen the pebbles vary from one another in 
size, shape, color, dolomite content, shale content, sand content, size 
of contained quartz grains, laminations, veining, et cetera. 

The matrix in most speciméns is predominantly sand, but it varies 
from almost pure sand to almost pure dolomite. In thin sections, the 
sand grains of the matrix are usually conspicuously larger than the 
detrital quartz grains of the pebbles; however, the sand grains in the 
matrix are not noticeably different in size and character from the sand 
grains making up the associated sandstone beds. In some cases the 
matrix composes most of a specimen with only a few scattered peb- 


1 Robert H. Dott, “Garvin County,” Oklahoma Geol. Survey Bull. 40, Vol. 2 (July, 
1930), P. 127. 

2 C. A. Merritt and J. W. Minton, “The Dolomites of the Stillwater, Wellington, 
Garber, Hennessey and Duncan Formations,” Oklahoma Acad. Sci., Vol. 10 (Novem- 
ber, 1930), pp. 69-72. 


3 Carroll H. Wegemann, “‘Anticlinal Structure in Parts of Cotton and Jefferson 
Counties, Oklahoma,” U.S. Geol. Survey Bull. 602 (1915), pp. 17-20. 
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bles, whereas in other cases the pebbles are so closely packed that the 
matrix is only a small percentage of the whole. 

The present opinion of the writer is that the beds are intraforma- 
tional conglomerates as suggested by Wegemann, and by Merritt and 
Minton. The dolomite fragments are from dolomitic deposits that may 
have formed in the drying up of playa lakes on an old delta, in times 
of drouth. Later the dolomite and shale beds, possibly sun-cracked, 
were broken and redeposited by strong currents. Concretions similar 
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3.—Histograms of textural analyses, made from representative samples of 
eaten Wellington, and Garber formations, Ts. 16, 17 N., Rs. 4 E.-3 W., Logan and 
Lincoln counties, Oklahoma. 


to the ones found in the red shales of this area were washed in also, to 
be mingled with the fragmental dolomite and shale types of pebbles. 
The main bulk of the pebbles, in any case, is thought to be older than 
the matrix. The differences in the ages of the pebbles and the beds in 
which they have been deposited are probably not sufficient to allow 
the conglomerates to be classified other than as intraformational. 
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STILLWATER FORMATION 


The writer has not studied the Stillwater in detail but a few obser- 
vations are worthy of note. Aurin, Officer, and Gould proposed that 
the Stillwater should represent the beds from the base of the Permian 
up to the top of the Herington limestone. Therefore the base of the 
Stillwater is at the base of the Foraker limestone, if Moore’s correla- 
tion for the base of the Permian is used. 

The top of the Cushing limestone is nearly 100 feet above the base 
of the Foraker limestone north of this area in T. 22 N., Rs. 2 W.-5 E., 
according to Clark and Cooper.' The total thickness from the Cush- 
ing limestone to the base of the Fallis sandstone is about 830 feet as 
determined from core-drill information. Therefore an approximate 
thickness for the Stillwater formation, the base of the Foraker lime- 
stone being considered as its base and the base of the Fallis sandstone 
as its top, is 930 feet for northern Lincoln County. 

The approximate 100 feet of beds between the base of the Foraker 
limestone and the top of the Cushing limestone are blue and red 
shales, thin limestones, and some red sandstones. 

The beds for several hundred feet above the Cushing limestone 
are mostly red sandstones predominating over red shales. The sand- 
stones are friable, micaceous, and coarser than any of the overlying 
sandstones discussed in this paper. Some of the quartz grains are 
above o.5 mm. in diameter, which is a size grade above that found in 
the sandstones of the Wellington and Garber formations. Muscovite 
flakes as large as 5 millimeters in length are common. The shales are 
red and resemble the rest of the shales of the lower Enid. Discontinu- 
ous beds of impure dolomite and dolomitic conglomerates are found 
throughout. 

Higher in the column the Stillwater becomes shaly. The gradation 
seems to be slow and not a rapid change from predominant sandstone 
to predominant shale. At the top of the formation a distinct break is 
present between the upper shaly Stillwater and the base of the thick, 
massive, soft Fallis sandstone. 

The beds of the upper half of the Stillwater are shales, sandstones, 
and dolomitic conglomerates. The shales are red in color, non-lami- 
nated, and contain septarian dolomitic concretions and veined geodes. 
The sandstones are friable, red, and micaceous. Ninety-five per cent 
of the grains of angular to subangular quartz forming the sandstone 
beds were found to be less than 0.25 millimeter in diameter in a me- 


1G. C. Clark and C. L. Cooper, “Kay, Grant, Garfield and Noble Counties,” 
Oklahoma Geol. Survey Bull. go, Vol. 2 (April, 1930), p. 68. 
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chanical analysis of six representative samples from T. 16 N., Rs. 2 
and 3 E., Lincoln County. In every way these sandstones are similar 
to the sandstones of the Wellington and Garber formations. Dolomitic 
conglomerates are usually present at the bases of the sandstones. 

The Herington limestone and its southern equivalent have been 
defined as the top of the Stillwater by Aurin, Officer, and Gould.' 
Since neither the Herington limestone nor its southern equivalent has 
been recognized in the area, it is suggested that the top of the Still- 
water be placed at the base of the Fallis sandstone, for reasons given 
in the following paragraphs. 

The type locality of the Stillwater-Fallis contact is at the north 
edge of the town of Fallis, 500 feet S. and 150 feet E. of the NW. cor. 
of Sec. 29, T. 15 N., R. 2 E., Lincoln County. The approximate eleva- 
tion is 915 feet. About 15 feet of Stillwater sandy red shale is exposed 
below the contact; more than 40 feet of Fallis, massive sandstone, 
above the contact. 

WELLINGTON FORMATION 


The name Wellington is here used to include the Fallis sandstone 
as a lower member and the Iconium’ shale as an upper member. The 
thickness and areal extent of the combined Fallis and Iconium beds 
correspond roughly to those attributed to the Wellington by Aurin, 


Officer, and Gould.* 

The base of the Fallis is apparently not far from the Herington 
horizon, which has been defined as the base of the Wellington. Accord- 
ing to Clark and Cooper‘ the Herington can be traced south from 
Kansas as far as T. 22 N., R. 2 E., Noble County, where it dies out. 
This is 30 miles north of the area under discussion. Due to discontinu- 
ous exposures and lateral changes in the beds between the two areas, 
it is doubtful if the base of the Fallis sandstone can be exactly corre- 
lated with reference to the horizon of the Herington limestone. 

For Logan and Lincoln counties, Oklahoma, it is proposed that the 
base of the Wellington be placed at the base of the Fallis sandstone. 
The base of the Fallis is suggested because of its stratigraphic position, 
the pronounced lithologic change present there, and for convenience 
in mapping. 

Fallis member.—For the thick sandstone composing the basal 240 
feet of the Wellington formation, as redefined in preceding para- 

1 Op. cit., p. 792. 


2 Name available according to the records of the Committee on Geologic Names, 
U.S. Geol. Survey. 


3 Op. cit., p. 794. 
4 Op. cit., p. 73. 
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graphs, the name Fallis is proposed. The name is taken from the town 
of Fallis, Sec. 29, T. 15 N., R. 2 E., Lincoln County. The post-office 
of Fallis is about 40 feet above the base of this sandstone. 

In this area the Fallis is at least 90 per cent sandstone. The sand 
grains composing the sandstones are rather small. In the screen analy- 
ses of six representative samples from T. 16 N., Rs. 1-2 E., the grains 
are less than o.25 millimeter in diameter. The sandstones are friable, 
micaceous, and reddish brown. Fossil wood and imperfect barite 
rosettes are found locally. The base of the Fallis is marked in places by 
a dolomitic conglomerate bed about two feet in thickness which forms 
ledges in T. 15 N., R. 2 E. Red shale lenses with a maximum thickness 
of 20 feet occur in the Fallis sandstone. The tops of the shales are 
generally marked by dolomitic conglomerates. Shale lenses in several 
localities terminate so suddenly as to resemble faulting, but the causes 
are really depositional. A notable example of this is to be found in the 
abandoned railroad cut 500 feet S. and 500 feet E. of the NW. cor. of 
Sec. 2, T. 15 N., R. 2 E. 

Reconnaissance on the north side of Cimarron River has shown 
the Fallis to contain increasingly more shale interstratified with the 
sandstones as it is followed northward. West of Stillwater the Fallis is 
probably 50 per cent shale, which corresponds to the northward change 
from sandstone to shale that takes place in the Garber formation. 

The type locality for the Fallis-Iconium contact is 1} miles east of 
the town of Iconium, 50 feet E. of the SW. cor. of Sec. 12, T. 16 N., R. 
1 E., Logan County. The approximate elevation is 1,109 feet. More 
than 70 feet of massive sandstone is well exposed below the contact; 
red shales and thin sandstones are above the contact. 

Iconium member.—The name Iconium is proposed for the upper 
shaly part of the Wellington occurring between the top of the Fallis 
sandstone and the base of the Garber sandstone. The Iconium derives 
its name from the little town of Iconium located near the south quar- 
ter corner of Sec. 10, T. 16 N., R. 1 E., Logan County. Stratigraphi- 
cally the town is about 80 feet above the base of this member of 
the Wellington. 

The thickness of the Iconium is about 470 feet through T. 16 N., 
Rs. 1 E.-1W. The lower 270 feet is about 65 per cent shale. The sand- 
stone and dolomitic beds are well spaced and are very satisfactory for 
detailed work. 

The upper 200 feet of the Iconium contains more sandstone beds 
with the shale beds. The change from Wellington to Garber is grada- 
tional, but the top of the Iconium has been placed at the base of the 
massive sandstone of the Garber. The Garber from Cimarron River 
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south is characterized by an almost continuous vertical section of mas- 
sive sandstone as contrasted with the interbedded sandstone and shale 
beds of the upper Iconium. 

The shales of the Iconium are red, blocky, non-laminated, and 
contain calcareous or dolomitic material in the form of septarian con- 
cretions and veined geodes. 

The sandstones are friable, reddish brown to gray, micaceous, and 
cross-bedded. They are relatively fine in texture. In mechanical analy- 
ses of six representative samples from T. 16 N., Rs. 1 E.-1 W., the 
sand grains were found to be less than 0.25 millimeter in diameter. 
More than gs per cent of the grains are angular to subangular quartz. 
Shifting currents and channeling at the time of deposition cause beds 
to be discontinuous, but the thicker sandstones, even though sharply 
terminated and abutted by shales, are found to reappear in their re- 
spective stratigraphic horizons. Fossil wood is found in recently ex- 
posed sandstone surfaces. An abundance of fossil wood is present one 
mile east of Iconium, where the abandoned Rock Island right of way 
crosses the east-west section line. 

There are a few thin calcareous or dolomitic beds, usually red in 
color, in the lower Iconium, that are chemical precipitates lacking the 
conglomeratic appearance which is so common in the dolomites of the 
lower Enid. Yet, by far, most of the dolomites that occur in the Ico- 
nium are conglomeratic, and, as usual, they are best developed at the 
bases of the sandstones. 

Localities that have been correlated as the top of the Iconium are 
as follows. 

One locality is 300 feet S. of the NW. cor. of Sec. 29, T. 16 N., R. 
1 W., Logan County. The approximate elevation is 1,134 feet. The 
exposure shows the top of the shale and the base of the sandstone. 

Another locality is 1,850 feet S. of the NW. cor. of Sec. 28, T. 15 
N., R. 1 W., Logan County. The approximate elevation is 1,157 feet. 
The exposure shows the top of the shale and the base of the dolomitic 
conglomerate and sandstone. 

In the upper half of the Iconium two important sandstone beds 
are present in Logan County. The lower of the two, the top of which 
is about 180 feet below the top of the Iconium, has been named the 
Evansville! sandstone. The upper one, the top of which is about 60 
feet below the top of the Iconium, has been named the Lowrie’ sand- 
stone. 


1 Name available according to the records of the Committee on Geologic Names, 
U.S. Geol. Survey. 


2 Name available according to the records of the Committee on Geologic Names, 
U.S. Geol. Survey. 


PERMIAN OF LOGAN AND LINCOLN COUNTIES 251 


Evansville sandstone bed—The name Evansville is proposed for a 
sandstone bed that heretofore has been called by some geologists 
the Bu-Vi-Bar bed because it is well developed near a dry hole drilled 
by the Bu-Vi-Bar Oil Company close to the town of Evansville. The 
bed has been traced from the south line of Logan County to the north 
line of T. 16 N., R. 1 W. This sandstone is massive, cross-bedded, 
friable, and reddish brown in color. It averages about 25 feet in thick- 
ness. The top of the bed is exposed ? mile east of Evansville with an 
approximate elevation of 1,120 feet, but the bed is better observed as 
conspicuous ledges south of there, for instance, at a locality 500 feet 
N. of the SW. cor. of Sec. 25, T. 15 N., R. 1 W., Logan County. The 
approximate elevation is 1,062 feet. The exposure shows the top of the 
bench-making sandstone and the base of the shale. 

Lowrie sandstone bed—A few miles north of Guthrie, vertical 
bluffs are present on the east side of Cimarron River. These bluffs are 
in the central part of T. 17 N., R. 2 W., and it is here proposed that 
the 45-foot massive sandstone bed associated with the red shales of 
these bluffs, be named the Lowrie sandstone bed, from the railroad 
station of Lowrie in Section 16. From place to place the Lowrie bed 
varies from 20 to 45 feet in thickness. In texture, color, and composi- 
tion it is like the rest of the sandstone beds of the Iconium member 


of the Wellington. 

A locality in the bluffs east of Lowrie where the bed can be ob- 
served in detail is 1,500 feet W. of the center of Sec. 22, T. 17 N., R. 
2 W.,*Logan County. The approximate elevation is 975 feet. The top 
of the 45-foot massive Lowrie sandstone, and the base of the red 
shales are shown. 


GARBER FORMATION 


The Garber gets its name, according to Aurin, Officer, and Gould,! 
from the town of Garber in Garfield County, Oklahoma. In the same 
discussion it is divided into a basal shale member called Lucien and 
an upper sandstone member called Hayward. 

The base of the Lucien, which is the base of the Garber, has not 
been traced by the writer south from its type locality at Lucien in 
western Noble County; however, Cornelius Schnurr’ has traced the 
base of the Lucien from a point 5 miles west of Perry, Oklahoma, 
south, to the bluffs along the north side of Cimarron River, two miles 
north of Lowrie. 


1 Op. cit., p. 794. 
2 Cornelius Schnurr, personal communication dated June 6, 1932. 
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Concerning the Wellington-Garber contact, Schnurr says: 


—it occurs well up toward the tops of the bluffs on the north bank of the 
Cimarron river, about 60 feet above the level of highway 77 that follows the 
north bank of the river at this point. The bluffs on the east side of the river 
a few miles northeast of Guthrie I believe to be upper Wellington with the 
possibility that the contact is somewhere near the tops of those bluffs. 


From his description Schnurr locates the contact not more than 20 
feet below where the writer has placed it on the basis of stratigraphic 
position and lithology. 

The thickness of the Garber, including the Hayward and the 
Lucien, is about 260 feet in central Logan County. It probably thins 
slightly northward and thickens southward to approximately 300 
feet at the south line of the county. There is no basis for separating the 
Lucien from the Hayward in Logan County. 

Aurin, Officer, and Gould specify 600 feet as the thickness of the 
Garber. They indicate considerable more thickness and a greater 
breadth of outcrop for the Garber formation of this area than the 
writer has found. It may be said that, since their figures for contacts 
and thicknesses are only approximations, the thicknesses and areal 
distribution which they assign to the formations are not expected 
to be exact. The base of the Garber as shown by them is not far from 
where the writer has mapped it, but the top of the Garber in northern 
Logan County is shown about 6 miles west of where the writer shows 
the contact. 

Noel Evans! has traced the generally recognized top of the Gar- 
ber at Oklahoma City, northward, to the north edge of the town of 
Hayward in eastern Garfield County. At Hayward, the top of the 
Garber is almost in the middle of the areal breadth of the Garber as 
shown by Aurin, Officer, and Gould.? They draw the Garber-Hen- 
nessey contact from a point 5 miles west of Garber, southward to 
Oklahoma City, and northward to Kansas. Surface work has shown 
that they can not be correct at Oklahoma City and at the points west 
of Guthrie and Hayward also. Since most geologists familiar with the 
area are agreed on the top of the Garber at Oklahoma City, and since 
no one can find a horizon for the top of the Garber as they show it 
west of Guthrie, Hayward, and Garber, it is proposed that the top 
of the Garber be taken as that recognized at Oklahoma City. This 
horizon is shown correctly by Travis* on his geologic map of Okla- 


1 Personal communication. 
2 Op. cit., p. 788. 


3 A. Travis, “Oklahoma County,” Oklahoma Geol. Survey Bull. go, Vol. 2 (July, 
1930), pp. 433-60. Map No. 37. 
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homa County. This is the approximate horizon mapped by Anderson! 
as the top of the Garber in Cleveland County. This is the Garber- 
Hennessey contact mapped by the writer in Logan County. It is the 
best break from predominant sand deposition to predominant shale 
deposition. It is a much more mappable contact than that originally 
indefinitely defined as the top of the Garber by Aurin, Officer, and 
Gould. 

The Garber of southern Logan County is probably go per cent sand- 
stone, whereas at the north line of the county it is about half sand- 
stone and half shale beds. The upper 20-30 feet of the Garber is very 
persistent and continues north of Logan County as a massive sand- 
stone bed as far as Hayward, at least. 

The sandstones of the Garber are gray to reddish brown. The 
grains of angular-to-subangular quartz composing more than 95 per 
cent of the sand particles in the sandstone beds are less than 0.25 
millimeter in diameter, from mechanical analyses of six representa- 
tive samples taken through T. 16 N. Muscovite flakes are every- 
where present in the sandstones, but they are not noticeable until a 
specimen has been pulverized and treated with acid. The sandstones 
are friable and cross-bedded. They contain concretionary iron and 
barite rosettes. Barite rosettes have not been found to occur in such 


definite horizons as to be valuable for correlation purposes. Worm 
trails and fossil wood are commonly found in the sandstones. 

The shales of the Garber of Logan County are red, non-laminated, 
and sandy. Concretions of barite and dolomite are found in these 
shales. 


Dolomitic conglomerates are generally intermittently exposed at 
the bases of the sandstones. 

Points correlated as the top of the Garber formation are as fol- 
lows. 

One locality is 300 feet E. of the NW. cor. of Sec. 6, T. 18 N., R. 
3 W., Logan County. The approximate elevation is 989 feet. The top 
of the massive sandstone and the base of the shale are shown. 

Another locality is the SW. cor. of Sec. 19, T. 15 N., R. 3 W., 
Logan County. The approximate elevation is 1,000 feet. The top of 
the massive sandstone and the base of the Hennessey shale are 
shown. 

HENNESSEY SHALE FORMATION 


The Hennessey was named, and divided into a lower and an up- 
per member by Aurin, Officer, and Gould. The lower member was 


1G. Anderson, “‘Cleveland and McClain Counties,” Oklahoma Geol. Survey 
Bull. go, Vol 2 (July, 1930), pp. 179-92. Map No. 21. 
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named Fairmont and the upper member named Bison Banded. Since 
the beds lying above the redefined top of the Garber are predomi- 
nantly red shale for several hundreds of feet, it is proposed that the 
basal member of the Hennessey include the beds between the top of 
the redefined Garber and the base of the Bison Banded member of the 
Hennessey. Part of the Fairmont as thus redefined was mapped as 
Garber by Aurin, Officer, and Gould. 

Fairmont member.—At least 200 feet of the lower part of the Fair- 
mont shales are exposed above the Garber in Logan County. The 
Fairmont is at least 90 per cent shale and, therefore, is more of a shale 
formation than the Iconium. Thin beds and lenses of fine sandstone 
are found throughout, however. 

The shales are not noticeably different from the shales of the 
lower formations of the Permian. They are red, blocky, non-lami- 
nated, sandy, and contain dolomitic concretions. Sun cracks are 
found locally in the Fairmont shales. 

Lenses of sandstone resembling the Garber sandstone immedi- 
ately below, are found associated with the red shales of the basal 50 
feet of the Fairmont. In certain areas, sand lenses of this zone cause 
confusion in correlating the top of the Garber, especially where they 
are exceptionally developed. The sandstones above the basal 50 feet 
are very fine, being finer grained than any of the sandstones of the 
Stillwater, Wellington, or Garber formations. The sandstones are 
reddish brown to gray in color, thin, cross-bedded, and lenticular. 
The beds are rarely more than 5 feet thick. The sandstones can be 
followed and correlated for short distances only, because of their dis- 
continuity and because of the blanket of recent soil and sand over 
much of the Fairmont outcrop. 

Thin dolomitic conglomerates are found generally at the bases of 
the sandstones. 


CONCLUSION 


The formations from the Cushing limestone to the top of the 
Garber sandstone have their maximum thicknesses in central Okla- 
homa County, immediately south of Logan County. Also the sand 
content of these formations is greatest there. The formations thin and 
the beds become shaly toward the south, west, and north. These beds 
are about 2,000 feet thick in Oklahoma County and, according to 
Dott,' have less than half that thickness in McClain County, on the 
south. Toward the west the sandstones are replaced by shales, as in- 

1 Robert H. Dott, “Lower Permian Correlations in Cleveland, McClain, and Gar- 


vin Counties, Oklahoma.” Bull. Amer. Assoc. Petrol. Geol., Vol. 16, No. 2 (February, 
1932), P. 133. 
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dicated by subsurface information. Toward the north these beds thin 
slightly, and interfinger and grade into beds of a marine facies, chang- 
ing upward into a salt basin facies. 

It seems that these Permian beds in Logan and western Lincoln 
counties have their source, for the most part, in sediments from a 
large stream entering the Permian basin from the east at about the 
latitude of central Oklahoma County. 


DISCUSSION 


Joun C. Ross, Tulsa, Oklahoma (written discussion received, August, 
1932): This paper by Mr. Patterson is the latest of several recent publications 
devoted to the unraveling of the detailed successions of the numerous beds 
making up the ‘‘Lower Enid” of Gould.! The paper is a credit to the patience 
and skill of Mr. Patterson, and the thanks of his fellow workers are due to him 
and to the Pure Oil Company. Such papers provide an excellent datum for 
newcomers to the area treated. 

It is easy to exaggerate the importance of definitions and of nomenclature, 
and criticisms in this sense may seem ungracious and trifling, but Mr. Patter- 
son’s area is not large, and the thickness of his section not great, and some 
comment may be warranted. 

Local names, as Fallis, Iconium, Evansville, Lowrie, are of great con- 
venience to men working in a common area. It may be doubted if in a small 
area, aS a county, such names ought to be published until the extension of the 
bed be sufficiently great to warrant such recognition. It might be better to 
defer naming these units until they can be shown to extend over a larger area. 
However, Mr. Patterson has excellent precedent.’ 

More serious objection can be made to what amounts to a redefinition of 
the formations established by Aurin, Officer, and Gould, in 1926. This paper 
is the foundation on which later work must be based, or at least until their 
divisions are superseded. The paper was defective in that type areas of the 
new formations were not definitely set out, and no means were provided for 
identifying the contacts and working them both ways. The paper was pub- 
lished before the present mass of detail was accumulated, and was admittedly 
subject to revision. In the Logan County area their divisions are readily made 
out, at least in a thin zone, and it is not certain that they should be changed. 
Patterson’s divisions are more prominent beds, and so far as the Logan 
County area is concerned, more convenient. Agreement, however, would have 
to be reached concerning a much greater area, from Garvin to Noble, to upset 
the boundaries established by the nomenclators. 

JosePH M. PATTERSON (reply received, February 16, 1933).—In reply to 
the discussion by Mr. Ross, the writer wishes to emphasize the fact that he 
has adhered as closely as it is possible to the formational definitions of Aurin, 


1 Charles N. Gould, ““Geclogy and Water Resources of Oklahoma,” U.S. Geol. Sur- 
vey Water Supply Paper 148 (1905). 

2 “Structure and Oil and Gas Resources of the Osage Reservation, Oklahoma,” 
U.S. Geol. Survey Bull. 686. 

C. W. Tomlinson, “The Pennsylvanian System in the Ardmore Basin,” Oklahoma 
Geol. Survey Bull. 46 (1929). 


256 JOSEPH M. PATTERSON 


Officer, and Gould. The writer was obliged to name the most evident lithologic 
subdivisions because they have not been described before. The formational 
names have been retained, although in time, as studies of detail are con- 
tinued, it is thought that Stillwater and Wellington as formational names 
will have to give way to group rankings. 

The boundary on which the writer takes issue with Aurin, Officer, and 
Gould, is on the top of the Garber from Oklahoma City, north. There seems 
to be an agreement with most geologists on Anderson’s top of Garber in 
Cleveland County as well as Travis’ top of Garber in Oklahoma County. The 
writer has carried their contact northward through Logan County, and from 
reconnaissance work he has satisfied himself that Evans is correct in placing 
this same top of Garber at Hayward, in Garfield County. This briefly traces 
the writer’s contact of Garber-Hennessey, from Garvin County to Noble 
County. 
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CORRELATION OF REFLECTION SEISMOGRAPH 
RECORDS IN CALIFORNIA! 


HENRY SALVATORI? 
Dallas, Texas 


ABSTRACT 


Reflection records in California can not always be correlated on the basis of charac- 
ter, interval, et cetera. In those areas where the reflecting strata are not persistent or 
are subject to lateral changes in physical character a knowledge of the slope of the 
strata is essential for the proper interpretation of the records. A brief outline of a 
method for determining the dip of a reflecting surface is presented and the manner in 
which this method may be utilized to aid in the correlation of records is indicated. 
The major areas of California offering possibilities for reflection work are classified ac- 
cording to their geologic sections into two general groups, and typical reflection records 
secured in an area of each group are reproduced and discussed. 


INTRODUCTION 


During the past 15 months the reflection seismograph has been 


successfully employed in California to delineate subsurface structure 
in many widely separated areas. With recent improvements in in- 
struments and technique, many of the difficulties that were at first 
encountered in some regions have been overcome, and at present 
there are very few areas in California of interest from the standpoint 
of oil and gas accumulation and with appreciable sedimentary sec- 
tions, where the reflection seismograph can not be applied with 
reasonable assurance of success. 

With a few minor exceptions, wherever the charges are detonated 
in holes of proper depth and the reflecting beds are not too badly 
fractured or very nearly vertical, little difficulty is experienced in se- 
curing good reflections from several strata. However, the problem 
of correlating these reflections is quite complex and sometimes pre- 
sents considerable difficulty. 

The purpose of this paper is to describe a method for determining 
the dip of reflecting beds, and to outline briefly the general method of 
correlating reflection records in the major areas of California which 
are of interest to the petroleum geologist. In what follows it is as- 
sumed that the reader has some familiarity with the elementary 


1 Manuscript received, December, 1933. 
2 Geophysical Service, Incorporated. 
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theory and general method of operation of the reflection seismo- 
graph. For those who are entirely unfamiliar with the fundamental 
principles, a paper by Eugene McDermott, published in the Novem- 
ber, 1931, issue of the Bulletin of the Association,’ is highly recom- 
mended. 

DETERMINATION OF DIP 


It is obvious that if the geologic section of a given area contained 
only one very hard stratum, such as limestone, which was overlain 
by a comparatively soft formation, such as shale, the problem of cor- 
relating reflection records would be exceedingly simple. Reflection 
records obtained in such an area would show only one outstanding 
reflected wave, and consequently, there could be hardly any possi- 
bility of error in the correlation. 

But since in general the geologic section contains many strata 
which act as good reflectors of wave energy, the problem of correla- 
tion is rendered somewhat complex. The complexity of the problem, 
of course, increases in proportion to the number of reflecting beds, 
their degree of uniformity in reflecting efficiency, and the amount of 
variation in the lithologic character of the beds from point to point. 
If there are a great number of reflecting horizons but only a few of 
these act as superior reflectors, the reflected energy from these hori- 
zons will appear on the records as outstanding, and little difficulty 
will be had in identifying them on records taken over various points. 
Where, however, the section contains a great number of equally good 
reflecting strata, some of which change in character, and therefore in 
reflecting efficiency, over the area under investigation, the correlation 
of the records oftentimes becomes too complex to be effected by means 
of a study of record character alone. In those cases the dip of the re- 
flecting beds is utilized as an aid to correlation, and where structural 
relief is very steep, structure may be delineated solely by the deter- 
mination of the angle of dip of the beds without the necessity of effect- 
ing a correlation. 

Briefly, the method for determining the dip of a reflecting stratum 
is as follows. The shot point and seismometer positions are placed as 
shown in Figure 1. The path of the reflected energy arriving at seis- 
mometer No. 6 (OR,S¢) is obviously greater than that of the energy 
arriving at seismometer No. 1 (OR,S,). The difference in these two 
paths is equal to the normal difference between the two paths if the 
reflecting bed were horizontal, plus the distance P,S¢, since S;V; may 


3’ Eugene McDermott, “Application of Seismography to Geological Problems,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 15, No. 11 (November, 1931), pp. 1311-34. 
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be considered equal to PsN¢. As the velocity is known to a sufficient 
degree of accuracy, for any given difference in time of arrival of a 
reflected wave at seismometers No. 1 and No. 6, the distance P.5S, 
may be calculated. To a close approximation S,P, may be considered 
perpendicular to S,P¢. Since 5,S¢ is known, the angle @ which is equal 
to the angle of dip of the reflecting bed may be readily calculated. In 
actual routine practice the computations are made very quickly by 
means of charts, plotted from figures calculated in a manner involving 
no approximations. 


Fic. 1.—Paths of reflected energy from sloping bed. 


If the variations in the thickness of the weathered zone between 
seismometer locations are small, the velocity of propagation is ac- 
curately known, and two determinations are made at each shot posi- 
tion with the seismometers placed along two lines in opposite direc- 
tions from the shot point, the angle of dip of the reflecting beds may be 
determined by this method with an accuracy of about 2°. Where the 
velocity is not accurately known, there will be introduced an addi- 
tional error in the dip determination roughly equal to the product of 
the calculated dip and the percentage error in the velocity. For in- 
stance, if the velocity used in the calculations is in error by ro per cent 
and the calculated angle of dip is 10°, then this figure will be in error 
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by about 1° due to the error in the velocity. In general, any error in 
the velocity is less than ro per cent. 

By plotting the depth determinations on a cross section along lines 
inclined at an angle equal to the corresponding angle of dip of the re- 
flecting beds, as shown in Figure 2, and drawing lines through these 
points perpendicular to the above inclined lines, the correlation of the 
beds is effected almost automatically. That is, the correlation between 
any two points is limited to just one or two possibilities instead of 
many. Where a correlation of records may be made solely from a study 
of record character, the foregoing method may be utilized as a check 
on the correlation. 


CORRELATION OF RECORDS 


In considering the problems of reflection record correlation in 
California, the major areas of the state offering possibilities for reflec- 
tion work may be divided into two general groups: Group I, those 
areas where the reflecting beds which may be utilized for the delinea- 
tion of subsurface structure are of Cretaceous age or earlier; and 
Group II, those areas where the reflecting beds are of Eocene age or 
later. 

In general, the reflecting strata in the areas of the first group per- 
sist throughout large regions and retain their physical characteristics 
from point to point, but in the second group, many of the reflecting 
beds either fail to persist over any large area or are subject to com- 
paratively abrupt changes in their lithologic character. Consequently, 
while in the former the correlation of reflection records may be based 
entirely on record character, in many of the latter it is essential to 
determine the dip of the beds before a correlation may be effected with 
any degree of certitude. 

The two principal areas of the first group are the Sacramento Val- 
ley and the upper part of the San Joaquin Valley. In the greater part 
of both these areas some of the reflecting beds in the Cretaceous sec- 
tion are found at desirable depths for use as markers to map subsur- 
face structure. The Cretaceous section contains several well defined 
strata with sharp lithologic contrasts, and these in general act as very 
good reflectors of elastic waves. Thus reflection records secured in 
these two areas usually show a few clearly defined and outstanding 
reflected impulses, with distinctive groupings and character. Further- 
more, since the reflecting horizons maintain their physical properties 
throughout comparatively large areas, the correlation of records offers 
little difficulty. Except where structure is very complex, angle deter- 
minations of dip are not essential, and of course, where the dips are 
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very gentle they can not be determined with sufficient accuracy to be 
of much value. Where beds are truncated in a region of structural up- 
lift, this condition may be inferred, as a rule, by noting the disappear- 
ance of the key reflections. 

In the upper part of the San Joaquin Valley, reflections from a bed 
in the Cretaceous were obtained throughout an area of more than 500 
square miles and the correlation was effected with comparative ease. 
Figure 4 shows three reflection records obtained in this area at points 
spaced about 2 miles apart. As may be observed, the reflected impulse 
marked A is the dominant reflection on all three records and can be 
easily identified. These records may be considered typical of records 
which may be secured in the greater part of Sacramento and upper 
San Joaquin valleys. 

The major areas in Group II are the lower half of San Joaquin 
Valley, Los Angeles Basin, Ventura Basin, Santa Maria Valley, Im- 
perial Valley, Santa Clara Valley, and Salinas Valley. In these areas 
the most desirable reflecting horizons for mapping structure are or- 
dinarily found in either the Pliocene, or Miocene, or both. In a few 
localities, reflecting beds in the Eocene may be utilized for mapping 
structure but, in general, this group may be designated as the Plio- 
cene-Miocene group. Although the writer has had no experience in 
Imperial, Santa Clara, and Salinas valleys, these are included in this 
group from a consideration of their geologic sections. 

As a rule, no difficulty is experienced in securing good reflections 
from several reflecting strata whenever the charges are properly 
planted. In fact, the chief characteristic of records secured in the areas 
of this group is the great number of reflections. However, since these 
reflections cannot always be depended upon to maintain their charac- 
ter and relative amplitude throughout a large area, it is usually desir- 
able and oftentimes essential to determine the dip as well as the depth 
of the reflecting beds in order to effect a correlation of the records. By 
plotting the results on a cross section as described above, a correlation 
of the records may be usually effected. 

In each of the areas of this group, there are probably several lo- 
calities where sharply defined reflecting strata exist which are con- 
tinuous throughout regions of large extent, and in those cases a 
correlation of the reflecting horizons may be effected without the aid 
of dip determinations. For example, in a reflection survey of a locality 
in the southern part of the San Joaquin Valley, excellent reflections 
were secured from two reflecting beds in the Etchegoin formation 
throughout an area of about 30 square miles. Although both dip and 
depth determinations were made at each shot point, it would have 


REFLECTION SEISMOGRAPH RECORDS 


Fic. 3.—Typical reflection records of lower San Joaquin Valley. 
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been possible to correlate the records readily throughout the entire 
area without the aid of the dip determinations. On the other hand, 
reflections from strata in this same formation secured only a few miles 
away had lost their unique character and a correlation of the records 
without a knowledge of the dip of the beds would have been open to 
serious doubts. It may, therefore, be stated that the determinations of 
the dip of the beds are an essential aid in the correlation of records in 
the greater part of the areas classified under Group II. 

Figure 3 shows six reflection records obtained in the southern part 
of the San Joaquin Valley at four shot points spaced about } mile 
apart. Attention is called to the great number of reflections on these 
records as compared with the records shown in Figure 4. As already 
mentioned, this is typical of records secured in the areas of Group II. 
At each of these positions records were taken with the seismometers 
placed along two lines extending in opposite directions from the shot 
point. For shot positions No. 1 and No. 4 a record is shown for each 
direction of shot, while only one record is shown for each of the shot 
positions No. 2 and No. 3. In order to show the main reflections as 
clearly as possible, only the last half of each record is shown, thus per- 
mitting the use of a larger photographic scale. The record of shot 
point No. 3 is also shown in full in Figure 5. 

Although there are a number of other reflections on these records, 
depth and dip figures have been calculated only for the more out- 
standing ones. The vertical depth figures for the corresponding reflec- 
tions are shown near the lower edge of each record. The figures enclosed 
in circles indicate the difference in the travel time of the reflected 
energy arriving at seismometers No. 1 and No. 6, from which the dip 
of the reflecting beds is calculated. From an inspection of the records 
it may be observed that, for any given record, the difference in time 
of arrival of the reflected energy at seismometers No. 1 and No. 6 is 
very nearly the same for all reflections of approximately the same 
depth. Thus it is seen that while only the more outstanding reflections 
can be readily correlated from point to point, almost any reflection, 
regardless of its low amplitude or lack of unique character, can be 
utilized to determine the dip of the bed with an equal degree of ac- 
curacy. 

The correlation of reflections designated E, F, and G, is, of course, 
apparent from an inspection of the records. These are reflections from 
strata in the Lower Etchegoin. They were obtained throughout the 
entire locality and readily correlated on the basis of their general 
appearance, amplitude interval, etc. In Figure 2 is shown a cross sec- 
tion on which have been plotted all the depth figures calculated from 
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the records shown in Figure 3. The average of the two determinations 
in opposite directions was used for plotting the dip of the beds at each 
point. Since the dip and depth of the beds are independently deter- 
mined from different data, the close agreement in the lines drawn 
through the depth points of the different shot positions is an excellent 
check on the accuracy of the results. 
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DISCUSSION 


CHARACTER OF PRODUCING SANDSTONES AND LIME- 
STONES OF WYOMING AND MONTANA 


In discussing the Embar and related formations of Wyoming in his 
article, ‘“Character of Producing Sandstones and Limestones of Wyoming and 
Montana,” in this Bulletin, Vol. 16, No. 9 (September, 1932), Bartram has 
postulated an unconformity occurring within the Phosphoria formation (pp. 
870-73). He “‘believes that the Phosphoria, . . . , should be divided and the 
unconformity recognized.” 

Although the writer does not question the possibility of a mid-Phosphoria 
unconformity, for there remain many unexplained points regarding the for- 
mation, he believes that at present there is not sufficient evidence at hand to 
justify the recognition of an unconformity at this horizon, or to use it as a 
basis for dividing the formation into two parts. Unconformities not definitely 
proved to exist by their proponents have previously been postulated for this 
group of rocks. Nevertheless, these have become generally accepted and re- 
ferred to by subsequent writers. A notable example is the problematical un- 
conformity between the type Embar (Phosphoria and Dinwoody) and the 
red-bed phase known to oil geologists as Embar. This unconformity was pos- 
tulated by Lee! and has been extensively quoted in the literature. Since Lee’s 
work, its presence has been questioned, and, along with others, the writer 
believes that it probably does not exist. For these reasons it seems advisable, 
in the writer’s opinion, not to accept the presence of a mid-Phosphoria un- 
conformity until the time when more conclusive evidence can be presented. 

Evidence advanced by Bartram for this unconformity is both paleon- 
tologic and lithologic. The paleontologic evidence consists of a statement 
that several paleontologists have reported Pennsylvanian faunas in the lower 
half of the formation. Branson? has recently made an extended study of the 
paleontology of the Phosphoria and has reached the conclusion that the age 
of the lower part is Pennsylvanian, that it grades upward into ‘‘Permo-Car- 
boniferous,” and that the upper part is early Permian. He compares the 
formation to the Pennsylvanian and Permian of Kansas which show a gra- 
dation without a break. King,* however, has more recently compared the 
fauna of the Phosphoria with that of the Word formation of Texas and believes 
that the Phosphoria is entirely Middle Permian in age. 

Bartram quotes Girty to the effect that, ““The fauna of the upper member 
of the Phosphoria (a limestone), . . . , differs strikingly from the fauna of the 
phosphatic shales.” These different sedimentary rock types indicate different 
faunal environments and, for this reason, it is expectable, rather than un- 
usual, to find that the faunule of the upper limestone of the Phosphoria is re- 
markably different from that of the phosphatic shales below. Even though 


1 Willis T. Lee, U. S. Geol. Survey Prof. Paper 149 (1927). 
2 C. C. Branson, Univ. Missouri Studies, Vol. 5, No. 2 (1930). 
3R. E. King, Univ. Texas Bull. 3042 (1930), pp. 30-33- 
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the age of the formation is in controversy, there is at present, therefore, little 
paleontologic evidence of a break within the formation. 

The presence of chert, phosphate beds, and porous dolomites is considered 
by Bartram as physical evidence of unconformity. Mansfield! has inter- 
preted the chert of the Phosphoria as an original siliceous deposit. It should 
not be confused with chert replacements formed during a previous cycle of 
erosion. The layers of odlitic phosphate are believed to have been deposited 
as original phosphatic material? and were not formed as a result of leaching 
of carbonates from phosphatic limestones. The Phosphoria contains both 
phosphatic limestones and beds of phosphate rock which carry 70 per cent 
or less of tricalcium phosphate. It is probable that the factor which deter- 
mined whether a given bed is now a phosphatic limestone or phosphate rock 
was the balance between the rate of deposition of carbonate material and the 
rate of deposition of tricalcium phosphate. The phosphate rock does not, 
therefore, imply a complete cessation of deposition, an essential condition 
for unconformity. 

Porous dolomites in many places accompany unconformities, but are 
well known in conformable successions. The origins of this rock type are so 
variable that it, by itself, is of little or no value as evidence and should not be 
taken alone as a criterion of unconformity. 


Horace D. Tuomas? 
UNIVERSITY OF WYOMING 
LARAMIE, WYOMING 
January 16, 1933 


1G. R. Mansfield, Econ. Geol., Vol. 26, No. 4 (1931), pp. 320-37. 
2 Ibid., pp. 364-67. 
3 Introduced by John G. Bartram. 
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REVIEWS AND NEW PUBLICATIONS 


‘Report of the Committee on Sedimentation, 1930-1932,” National Research 
Council Bull. 89. Prepared under the auspices of the Division of Geology 
and Geography by W. H. Twenhofel, committee members, and others. 
(Washington, D. C., November, 1932.) 229 pp. Price, $1.00. 

This two-year report, consisting of 22 separate reports, contains records 
of valuable original research by various investigators, and includes several 
useful bibliographic lists. Following is the table of contents. 

(1) Introduction, W. H. Twenhofel; (2) The classification and termi- 
nology of the pyroclastic rocks, Chester K. Wentworth and Howel Williams; 
(3) Recent advances in the study of peat, W. E. Powers; (4) Studies of recent 
marine sediments conducted by the American Petroleum Institute, Parker 
D. Trask; (5) Experiments with the settling of bentonite in water, Edward 
M. Kindle; (6) The relation of the buffer mechanism of sea water to the solu- 
bility of calcium carbonate, D. M. Greenberg and E. G. Moberg; (7) Notes on 
investigations of modern marine sediments in California, Thomas Wayland 
Vaughan; (8) Bacterial and chemical factors in lime deposition at Tortugas, 
Florida, Haldane Gee; (9) Report on some work on sediments done in Ger- 
many in 1931, Hans Becker; (10) Varved sediments, Ernst Antevs; (11) 
Chert and flint, concretions, and cone-in-cone, W. A. Tarr; (12) Sedimenta- 
tion studies at Stanford University, Eliot Blackwelder; (13) Study of the 
abrasional work of river ice and of glaciers, Chester K. Wentworth; (14) 
Chemical papers bearing on sedimentation, George Steiger; (15) Some recent 
applications of physics to sedimentation problems, C. E. Van Orstrand; (16) 
Investigations in ground water hydrology that bear on sedimentation, Arthur 
M. Piper; (17) Research on sediments by British scientists during 1930- 
1932, Henry B. Milner; (18) Recent studies with reference to the réle of 
microérganisms in sediments, George A. Thiel; (19) Accessory minerals of 
crystalline rocks, Alexander N. Winchell, E. S. Larsen, J. C. Reed, J. T. 
Stark, A. C. Tester and J. F. Wright; (20) Abstracts of literature on accessory 
minerals of igneous rocks, J. C. Reed; (21) Abstracts of literature on acces- 
sory minerals in sedimentary rocks as related to possible source crystalline 
rocks, Allen C. Tester; (22) Studies in glacial sediments, 1930 and 1931, M. M. 
Leighton and Enid Townley. 

Petroleum geologists will find in this report interesting and profitable in- 
formation concerning many of the problems with which they have to deal. 
The introduction by Twenhofel is in the nature of a summary of papers pub- 
lished on various sedimentary problems. The following quotations have been 
taken from the Introduction. 

As originally defined, bentonite is rock composed of clay minerals produced by the 
alteration of volcanic ash ...it is possible that there are some deposits with the 
properties of bentonite which were not derived from alteration of volcanic ash and 
hence do not have the significance of bentonite. Before a deposit is identified as ben- 


tonite it should be shown that it was derived in situ from volcanic ash. 
The writer is highly sympathetic to Professor Grabau’s view of shallow water de- 
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position for the graptolite-bearing shales and for others similar in appearance but lack- 
ing graptolites, but he would postulate a slightly different shore environment. 

It seems to be becoming apparent that more significance should be given to the 
possibility that some of the structures of ancient rocks usually interpreted as due to 
diastrophism may have been developed when the sediments were in soft condition. 

Strictly anaerobic sulphate-reducing bacteria, which seem to be important in 
calcium carbonate precipitation, were found to exist everywhere. Bavendamm believes 
that calcium carbonate precipitation may be confined to certain localities and it is as- 
sumed “‘that mangrove swamps or similar places represent the natural localities for the 
micro-biological calcium carbonate precipitation.” It is suggested that the precipita- 
tion occurs in brackish or fresh water. 

It is pointed out that since sands tend to accumulate on topographic highs of the 
bottom, and the fine sediments in the topographic lows, there would be less compaction 
over the highs and more in the lows, thus tending to maintain a given structure for a 
long time over each high. 


In the paper by Parker D. Trask, on “Studies of Recent Marine Sedi- 
ments Conducted by the American Petroleum Institute,’’ the following state- 
ments are made. 


Deposits accumulating on ridges and relatively steep slopes are coarse-grained 
compared with those forming in adjacent valleys and closed basins. In Monterey 
Bay . . . sediments in 500 fathoms of water on a fairly steep slope consist of sand, but 
those in less exposed places nearer shore in much less shallow water consist of clay and 
silt. Similarly in Davis Strait, a sample from a relatively steep slope more than 100 
— the coast is a fine sand, but sediments nearer shore in much shallower water 
are silts 

The organic content of sediments is influenced strongly by the configuration of the 
sea bottom. Deposits in depressions and closed basins contain more organic matter 
than do those on adjoining ridges and on slopes inclining more steeply than adjacent 
areas. 

The organic content of sediments increases as the texture becomes finer. . . . 

The organic content of typically marine sediments varies roughly with the supply 
of plankton in the surface water; . . . 

Near-shore sediments contain much more organic matter than do those far from 
snore. 

The organic content of sediments in regions of upwelling of deep water to the sur- 
face is large. Upwelling is believed to be caused by off-shore surface currents in coastal 
regions of considerable submarine relief. . 

The organic content of deposits decreases from the surface downward. 

The data indicate that . . . sediments forming in quiet water are better sorted and 
have more symmetrical size distributions than those accumulating in disturbed water. 


In the paper by Hans Becker on “. . . Some Work on Sediments Done in 
Germany in 1931,” the following statements are made. 

Dolomitization seems to take place in several ways. In a number of cases the 
dolomitization begins on the surface and extends downwards along fissures, . . . there 
is another type of dolomite which had been already altered a short time after the be- 
ginning of its deposition. This second type of dolomitization is the diagenetic type. 
The third way in which dolomite may be formed is through primary deposition. 


Cherts of a given district and formation may have several distinct 
time relationships and modes of origin, as reviewed by Tarr in the paper on 
“chert and flint, concretions, and cone-in-cone.” Three main varieties of 
chert are distinguished: one, contemporaneous with the containing limestone, 
and precipitated as a gel on the sea floor; the second, “‘. . . formed from the 
silica derived from surrounding rocks and . . . deposited after the containing 
limestone consolidated’’; the third is “‘a very late replacement.” Purdue and 
Miser “‘believe that the silica for the (Arkansas) novaculite was deposited in 
the sea by chemical precipitation.”” The present reviewer believes that the 
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several distinct time relationships and modes of origin of chert in a given 
district and formation should be considered in making long-range correla- 
tions from insoluble residues and in studying such widespread cherty forma- 
tions as the ‘‘ Mississippi lime.” 

Papers 19, 20, and 21 on the studies of accessory minerals in crystalline 
rocks, designed partially to “provide important information regarding the 
source (or possible sources) of the detrital constituents of the derived rocks,”’ 
are of academic interest, only, to Mid-Continent geologists because studies 
in the Mid-Continent region have shown that the clastic sediments, even 
those directly overlying pre-Cambrian rocks, have been derived from pre- 
existing sediments. 

The last paper, “Studies in Glacial Sediments,”’ has no direct bearing on 
problems confronting petroleum geologists. 

The printing and paper in the “Report on Sedimentation” are good, and 
there are a few interesting illustrations. The reviewer believes that all geolo- 
gists whose work deals primarily with sedimentary rocks should keep abreast 
of current sedimentary research as summarized in this report. 

FANNY CARTER EDSON 


Tusa, OKLAHOMA 
February 10, 1933 


RECENT PUBLICATIONS 
COLOMBIA 


“Uber Erdél in Kolumbian, Siidamerika” (Petroleum in Colombia, 
South America), by Karl Ermisch. Kali, Verwandte Salze, und Erdél (Potash, 
Related Salts, and Petroleum), Vol. 26, No. 24 (December 15, 1932) and Vol. 
27, No. 1 (January 1, 1933), 16 figs. Wilhelm Knapp, Halle, (Saale), Miihl- 
weg 

FRANCE 

Compte-Rendus des Séances du Groupe des Géologues Pétroliers de Stras- 
bourg (Reports of Meetings of Petroleum Geologists of Strasbourg). A new 
publication; 6 numbers per year. Vol. 1, Nos. 1-2 (1932), includes: “Structure 
de la région gazifére de Vaux-en-Bugey” (Structure of the Gas Region of 
Vaux-en-Bugey, France), by J. Jung, pp. 3-5, Fig. 1; ‘““Affleurements d’hydro- 
carbures en Turque d’Asie”’ (Outcrops of Hydrocarbons in Asiatic Turkey), 
by C.-R. Hoffman, pp. 6-8; “L’utilisation géologique des débris de forage a 
Pechelbronn” (Geologic Use of Drill Cuttings at Pechelbronn), by M. Orge- 
val, pp. 9-10; “Présentation d’une nouvelle carte magnétique de la plaine 
d’Alsace” (New Magnetic Map of the Plain of Alsace), by C. Alexanian, pp. 
11-13, Fig. 2; List of Members, pp. 15-16. Address: M. R. Schnaebele, 
treasurer, Merckwiller-Pechelbronn (Bas-Rhin). Annual subscription, 25 Frs. 


GENERAL 


Guide Book of the Sixth Annual Field Conference (1932). Published by the 
Kansas Geological Society (412 Union National Bank Building, Wichita, 
Kansas). Contains road log, geologic descriptions, oil fields, correlation 
tables; areal geologic map of eastern Kansas and southeastern Nebraska 
on scale of 1:370,160; “‘A Reclassification of the Pennsylvanian System in the 
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Northern Mid-Continent Region,”’ by R. C. Moore; “‘A Brief Discussion of 
the Bronson Group in Kansas,’ by J. M. Jewett; ““An Index to the Stratigra- 
phy of Eastern Kansas and Adjoining Areas,” by W. A. Ver Wiebe and W. R. 
Vickery; ‘“‘An Outline of the Pennsylvanian of the Appalachian Region,” by 
Arthur Bevan; “‘A Pre-Chattanooga Sub-Aerial Map in Northeastern Kan- 
sas,” by J. V. Howell; ‘““Map of the Forest City Basin,” by F. G. Holl; “A 
Geologic Cross Section from Western Missouri to Western Kansas,” by Miss 
Betty Kellett. 125 pp., 118 illus., 3 maps. Size, 9 by 11} inches. Leatheroid 
binding. Price, postpaid, $10.00. 

Prospecting for Oil and Gas, by A. J. Kosygin. 240 pp., 164 figs. Size, 6X9 
inches. Cloth. (Moscow, 1932.) In Russian. 

GEOPHYSICS 

Directions for the Use of the Askania Torsion Balance, by C. A. Heiland. 
88 pp., 33 figs. 6 X9 inches. Cloth. (American Askania Corporation, Houston, 
Texas, 1933.) Price, postpaid, $3.30. 

“Etudes géologiques et prospections miniéres par les méthodes géo- 
physiques” (Geological Research and Mining Prospecting by Geophysical 
Methods), by P. Geoffroy and P. Charrin. Geol. Survey Algeria Bull. 1, 4th 
ser., Geophysics (1932), 348 pp., 103 figs. 63 X10. Paper. (Ch. Béranger, 15, 
rue des Saints-Péres, Paris.) Price, 66 francs. 

“A New Contribution to Subsurface Studies by Means of Electrical 
Measurements in Drill Holes,” by C. and M. Schlumberger and E. G. Leonar- 
don. Amer. Inst. Min. Met. Eng. Tech. Pub. 503 (29 West 39th Street, New 
York, 1933). 18 pp., 8 figs. 

MEXICO 


“An Occurrence of Upper Cretaceous Sediments in Northern Sonora, 
Mexico,” by N. L. Taliaferro. Jour. Geol., Vol. 41, No. 1 (January—February, 
1933), Pp. 12-37; 7 figs., 1 table. 


MISSOURI 


Biennial Report of the State Geologist, by H. A. Buehler. Includes “‘Oil and 
Gas Pools of Western Missouri,” by Frank C. Greene, 68 pp., 11 illus.; ““The 
Geology of the Blue Springs Gas Fietd, Jackson County, Missouri,” by Glenn 
G. Bartle, 64 pp., 4 illus.; ““Magnetic Surveys,” by J. G. Grohskoff and C. O. 
Reinoehl, 20 pp., 4 illus. Total report, 245 pp., 30 illus. 6 X9 inches. Paper. 
(Missouri Bureau of Geology and Mines, Rolla, Missouri, 1933.) 


NEW MEXICO 


“Clastic Plugs and Dikes of the Cimarron Valley Area of Union County, 
New Mexico,” by Ben H. Parker. Jour. Geol., Vol. 41, No. 1 (January- 
February, 1933), pp. 38-51, 6 figs., 1 table. 

“The Oil and Gas Resources of New Mexico,” by Dean E. Winchester. 
New Mexico School of Mines Bur. Mines and Mineral Resources Bull. 9 (So- 
corro, New Mexico, 1933). 223 pp., 11 figs., 33 pls. Size, 6X9 inches. Paper. 
Price, $1.50. 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR 
PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election, but places the names before the membership at large. If 
any member has information bearing on the qualifications of these nominees 
he should send it promptly to J. P. D. Hull, business manager, Box 1852, 
Tulsa, Oklahoma. (Names of sponsors are placed beneath the name of each 
nominee.) 


FOR ACTIVE MEMBERSHIP 
Ermil Leslie Caster, Shreveport, La. 
Sidney A. Packard, A. E. Oldham, E. B. Baldwin 
Charles Eugene Fralich, Bradford, Pa. 
R. E. Somers, R. H. Johnson, Paul D. Torrey 
Wayne V. Jones, Shreveport, La. 
G. W. Schneider, J. Y. Snyder, Dugald Gordon 
John L. Kalb, Maracaibo, Venezuela, S. A. 
C. A. Baird, P. E. Nolan, J. B. Burnett 
Enid Townley, Urbana, Ill. 
Theron Wasson, M. M. Leighton, A. A. Langworthy 


FOR ASSOCIATE MEMBERSHIP 


Martin Napoleon Broughton, College Station, Tex. 

John T. Lonsdale, F. B. Plummer, Frederick A. Bur! 
John Perryman Davidson, Wichita Falls, Tex. 

H. F. Smiley, R. A. Birk, Fred M. Bullard 
William Robert Ransone, Dallas, Tex. 

Robin Willis, B. F. Hake, Theo. A. Link 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Stanley S. Siegfus, Coalinga, Calif. 
E. F. Davis, Roy R. Morse, Art R. May 
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FINANCIAL STATEMENT, 1932 


lo the EXECUTIVE COMMITTEE, 
THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS, 
TuLsA, OKLAHOMA 

We have examined the accounting records of The American Association of Pe- 
troleum Geologists for the year ended December 31, 1932, from which the following 
statements have been prepared. 


Exhibit 
A 


Statement of Financial Condition as at December 31, 1932. 
B Statement of Income for the year ended December 31, 1932. 
C Statement of Income from Publications for the year ended December 31, 


1932. 
D__ Statement of General and Administrative Expenses for the year ended De- 
cember 31, 1932. 

Reserves of $4,800.40 have been provided for Accounts Receivable from Members 
and Others; Inventories of Printed Matter are at current appraised values and repre- 
sent the supply of publications to meet anticipated requirements; Investments are 
stated at market value,—all as authorized by the Executive Committee. 

In our opinion, the accompanying Statement of Financial Condition and relative 
Statements of Income and Expenses respectively correctly reflect the financial condi- 
tion of The American Association of Petroleum Geologists at December 31, 1932, and 
the results of its operations for the year ended on that date. 


(Signed) ARTHUR Younc & Co. 
Accountants and Auditors 
TuLsA, OKLAHOMA 
January 26, 1933 
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EXHIBIT C 
STATEMENT OF INCOME FROM PUBLICATIONS FOR THE YEAR ENDED DECEMBER 31, 193) 


OPERATING INCOME: General Fund—Bulletins Publication Fund Total 


Dues Transferred— 
Active Membership......... $12,576. $ $12, 59 
Associate Membership 3,136. 


$15,712. 


Sale of Bulletins— 
Subscriptions. . . . 
Advertising........ 


Sale of Bound Volumes and Special Publi- 
cations— 
Bound Volumes........ $2,275. 
590. 

42. 

Alberta Symposium 79. 

Geophysics Symposium. ..... 177. 

Structure Volume IT , 368. 

Continental Drift....... 

Structure Volume I 

Geology of California.... .. 


473-10 
TOTAL OPERATING INCOME........ $473.10 
OPERATING COSTS: 

Manager’s Salary (Proportion) . $2,176. $ 2,176. 
Editorial Salary 3,441.6: 3441.63 
Cost of Printing Bulletin... .. - 14,718. 
Cost of Printing Separates. . . . ia - 247.3 
Stencil Corrections and Mailing a. 233. 
Binding Volumes XV, XVI 1,608. 
Engraving 1,017.05 
Freight and Express....... F 48. 
Copyright Fees 22.5 
Cost of Moving Bulletin Printing... . , 120.58 
Discount on Publications 81. 
Postage—Bulletin 574. 574. 
Purchase of Back Numbers...... . - 20. 


$24, 309.45 


INVENTORY: 
December 31, 1931 silencers 50.8: $20,740.82 
December 31, 1932 ~ 3. 17,159.70 


Decrease $3,377-73 3 $ 3,581.12 
Total Cost of Publications Sold. . . 


Net Loss—Income from Publica- 
tions—Transferred to Exhibit 
$225.20 


3,471.10 3,471 
$22,128.71 $— $22, 128.5 
88 $ — $ 2,275.88 
57 = 590.57 
60 — 42.60 
02 79.02 
58 - 177.58 
31 368.31 
153-30 153-30 
291.74 201.74 
28.00 28.00 
4,007.4 
$24, 264.94 $ 44.51 
27,890 
$—1,754 
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EXHIBIT D 


STATEMENT OF GENERAL AND ADMINISTRATIVE EXPENSES 
FOR THE YEAR ENDED DECEMBER 31, 1932 


GENERAL FUND: 


Manager’s Salary (Proportion) .. § 2,176.23 
Clerical Salaries 4,658.13 
Office Rent es 300.00 
Telephone and Telegraph 197.73 
Postage—General 479-33 
Printing and Stationery 461.55 
Office Supplies and Expense. . a 197.68 
150.00 
20.72 
Freight and Express 6.96 
Tax on Checks 2.72 
Exchange and Refunds....... 10.55 
Donations to Society of Economic Paleontologists and Mineralogists. . 368.00 
Donation to 1933 International Geological Congress. .. 500.00 
Constitution Expense 212.49 
Work on Association Seal. . 
Houston Meeting 
Miscellaneous... .. . 
Bad Debts 
Depreciation of Office Furniture and Fixtures. 


TOTAL—GENERAL FUND........ $11,094.11 


PUBLICATION FUND: 
Bad Debts 87.98 


TOTAL—TRANSFERRED TO EXHIBITB..... . $11,182.09 


, 193) 

2,570.04 
3,136.9 
3,471 
2,045.6 
2,128.4 
4,007.1 
7,890 
1,754 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
MEMBERSHIP LIST 


FEBRUARY I, 1933 


HONORARY MEMBERS 


__ The executive committee may from time to time elect as honorary members persons who have con- 
tributed distinguished service to the cause of petroleum geology. Honorary members shall not be required 
to pay dues—Sec. 6, Article IIT, of the Constitution. 


LIFE MEMBERS 


The executive committee may grant life membership to members who have paid their dues and are 
otherwise qualified.—Sec. 2, Article III, of the Constitution. 

On the payment of three hundred dollars ($300.00) any member in good standing shall be declared a 
life member and thereafter shall not be required to pay annual dues.—Sec. 2, Article I, of the By-Laws. 


MEMBERS 


Any —y* engaged in the work of petroleum geology or in research pertaining to petroleum geology 


or techno logy is eligible to active membership, provided he is a graduate of an institution of collegiate 
standing, in which institution he has done his major work in geology, or in sciences fundamental to pe- 
troleum geology, and in addition has had the equivalent of three years’ experience in petroleum geology 
or in the application of these other sciences to petroleum geology or to research in petroleum geology or 
technology; and provided further that in the case of an applicant for membership who has not had the 
required collegiate or university training, but whose standing in the profession is well recognized, he shall 
be admitted to membership when his application shall have been favorably and unanimously acted upon 
by the executive committee; and provided further that these requirements shall not be construed to ex 
clude teachers and research workers in recognized institutions whose work is of such character as in the 
opinion of the executive committee shall qualify them for membership. 
Active members alone shall be known as members.—Sec. 1, “Article III, of the Constitution. 


ASSOCIATES 


Any person having completed as much as thirty hours of geology (an hour shall here be interpreted as 
meaning as much as sixteen recitation or lecture periods of one hour each, or the equivalent in laboratory ) 
in a reputable institution of collegiate or university standing, or who has done field work e uivalent to 
this, is eligible to associate membership, provided at the time of his application for membership he shall 
be engaged i in geological studies in an institution of collegiate or university standing, or shall be engaged 
in petroleum geology; and any person who is a graduate of an institution of collegiate standing, in which 
he has done his major work in sciences fundamental to petroleum geology or petroleum technology, and 
who has the equivalent of one year’s experience in the application of his science to the study of petroleum 
geology, shall be eligible to associate membership, provided at the time of his application for membership 
he shall be engaged in investigations in the broader subject of petroleum geology and technology. 

Associate members shall be known as associates. 

Associates shall enjoy all the privileges of membership in the Association, save that they shall not 
hold office, sign applications for membership, or vote; neither shall they have the privilege of advertising 
their affiliation with the Association in professional cards or professional reports or otherwise.—Sec. 3, 
Article III, of the Constitution. 
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MEMBERS 


HONORARY MEMBERS 
(**Deceased) 


Decker, Charles E., 508 Chautauqua Ave., Norman, Okla. 
**Dumble, E 

Goodrich, Harold B., 1628 S. Cincinnati, Tulsa, Okla. 

Hill, Robert ‘aoe tel Commodore, Los Angeles, Calif. 
Orcutt, W. W., Union Oil Company Bldg., Los Angeles, Calif. 
**Salisbury, R. D. 

Smith, George Otis, Federal Power Commission, Interior Bldg., Washington, D.C. 
**Udden, Johan August 

**von Hofer, Hans Hofrat 

White, David, U. S. Geological Survey, Washington, D.C. 
**White, I. C. 


COMPLETE LIST OF MEMBERS, ASSOCIATES, HONORARY 
MEMBERS, AND LIFE MEMBERS 


Honorary 

| 
Members... 
Associates . 


EXPLANATION OF SYMBOLS 


*Honorary member. tLife member. || Associate. Members are not marked. The year refers to the date of 
election to the Association, not necessarily to class of membership. 


Abbott, John L., 1007 Fort Worth Natl. Bank Bldg., Fort Worth, Tex......... 


Abell, George Tex........ 

Abrahamson, = 3708 W. Fifth St., Fort Worth, Tex.. 

Abruns, Harry W , 259 S. Harvard St., Los Angeles, Calif. 

Absher, Kenneth BB. Box 543, W ichita, Kan.. 
Absher, William F., Empire Gas & Fuel Co., Geological Dept., Bartlesville, Okla. 
Ackers, A. L., Stanolind Oil & Gas Co., Box 758, Midland, Tex..... 

Adams, Frank C., The Texas Co., Houston, Tex. were 

Adams, 1937 Chatbourn Court, Fort Worth, ‘Tex...... 

Adams, John Emery, Drawer R., Midland, Tex.. 

Adams, Lowell A., 211714 Palm Grove Ave., Los Angeles, Calif. 

Adams, Theodore F. , Kappa Sigma House, Golden, Colo. (Mail returned) 
Adams, W. C., Deep Rock Oil Corp.; Atlas Life Bldg., Tulsa, Okla. 

Addison, Carl C., 3032 N. Twenty-First St., Kansas City, Bom... . 

Adkins, W. S., Bureau of Economic Geology, Univ. of Texas, Austin, Tex. 

Adler, Joseph a 135 Agate St., Houghton, Mich.. 

Aguerrevere, Pedro I., Sur 3, No. 94, Caracas, Venezuela, S A... 

Aguerrevere, Santiago E., Sur 3, No. 94, Caracas, Venezuela, ee 

Aid, Herbert, Taylor Refg. Co., Taylor, Tex.. = i 

Aimer, James D., Box 375, Nacogdoches, Tex... 

Ainsworth, David, 604 N. Fountain Ave., Wichita, Kan. 

Ainsworth, William L. , 301 N. Yale St., W ichita, Kan.. . ; 
Aitken, William E. , Oil & Gas Bldg., Univ. of Pittsburgh, Pittsburgh, Pa...... 
Albertson, Maurice M., Shell Petr. Corp., Box 2099, Houston, Tex.. 

Albrecht, Helmuth, Burbach-Kaliwerke ‘Aktiengesellschaft, Kaiser-Otto- Ring : 25, 

Magdeburg, Germany 

|Alcorn, Avary Hunt, 602 Citizens Natl. Bank Bldg., Tyler, Tex. 

Aldrich, G. Frank, 2024 Wilshire Blvd., Fort Worth, Tex.. ‘ccna se 
Aldridge, Mort B. , Ramsey Petr. Corp., 18th Floor Petroleum a Bldg. Oklahoma 


Alexander, A. E., 159 Goulding Ave., Buffalo, N. Y. 
Alexander, A. M., 18 E. One Hundred Ninety-Ninth St., New York, N. Y. 
Allan, John Andrew, Univ. of Alberta, Edmonton, Alta., Canada. 
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Allan, Thos. H., Stanolind Oil & Gas Co., 417 First Natl. Bank Bldg., Wichita, 
K 


Allen, Bryant, Box 12, Laredo, Tex. 
Allen, Devere F., 135 S. Courtland, Topeka, Kan.. 
Allen, Donald M., 1621 Keeler Ave., Bartlesville, Okla... 
Allen, E. G., Sheli Petr. Corp., Box 2099, Houston, Tex... 
Allen, Walter J., Box 22¢3, Tulsa, Okla.. 
Allison, iS Box 81, Lufkin, Tex.. 
Althaus, H. E., Astra Romana, Campina, Roumania. . 
Ambrose, A. W., Empire Gas & Fuel Co., Bartlesville, Okla. 
Ames, Edward W., Box 169, San Antonio, Tex.. 
Anderson, Amil A., 6075 Franklin Ave., Hollywood, Calif. 
Anderson, Carl B., 1131 S. Owasso, Tulsa, Okla. 
Anderson, Carl C., Box 2025, Amarillo, Tex.. 
Anderson, Frank M. ., 58 Hillcrest Road, Berkeley, Calif. 
Anderson, G. E., 645 Lahoma, Norman, Okla.. 
Anderson, J. L., Tropical Oil Co., El Centro, Colombia, S A.. 
Anderson, Lyman P., 1631 W. Twenty- Ninth St., Oklahoma City, Okla. 
\| Anderson, Richard S., Drawer 2040, Tulsa, Okla... 
Anderson, Warren D., Box 832, San Angelo, Tex.. 
Andrau, E. W. K. , Shell Petr. Corp., Box 2099, Houston, Tex.. 
Andreen, Harry M., Box 801, Tulsa, Okla. 
\| Andrews, Hugh, Stratford, Okla.. 
Andrews, Philip, 1675 Euclid Ave., ‘Berkeley, ‘Calif. 
Andrews, Sylvan H., 421 Philcade Bldg., Tulsa, Okla. . 
||Angle, W. M. , Box. 731, Tyler, Tex. 
Apfel, Earl T. , Syracuse University, Geological Dept., Syracuse, N. Y 
Applin, Paul ae 2200 Edwin Ave., Fort Worth, Tex. 
Argabrite, W illiam Graeme, Box 33> Lewisburg, W. Va. 
||Arick, Millard B., Box 938, McCamey, Tex ; 
||Armor, Mildred V. , 3711 Classen Blvd., Oklahoma City, ‘Okla. 
Armstrong, Earle N., 3902 Cheyenne Road, Amarillo, Tex.. 
Armstrong, Harold K., Room 838, 727 W. Seventh St., Los + Angeles, Calif. 
Armstrong, J. M., Prairie Oil & Gas Co., Eastland, Tex.. 
Arnett, Clarence ™ , 301 S. Eighth St., Ponca City, Okla... 
Arnold, Emmett L., 1128 S. Elgin, Tulsa, Okla.. 
Arnold, Harry H. , Jr., 602 W. Dewey St., Shawnee, Okla... 
|Arnold, Henry Box 97, Earlsboro, Okia.. 
Arnold, Ralph, 1201 E. California St., Pasadena, Calif.. 
Aronson, Sam M., Atlantic Oil Prod. Co., 701 Magnolia Bldg., Dallas, Tex. 
Artman, George W., 2733 N. W. Seventeenth St., Oklahoma City, Okla... . 
||Atchison, J. Wilbur, Pure Oil Co., Box 1007, Fort Worth, Tex 3 
Athy, Lawrence F., Continental Oil Co., Geophysical Division, Ponca City, Okla. 
Atkinson, William H., 26th Floor Ramsey Tower, Oklahoma City, Okla . 
Atwill, E. R., Box 126, San Gabriel, Calif.. 
Aurand, Harry A., 1350 Bellaire St., Denver, ‘Colo...... = 
Aurin, Fritz L., Southland Royalty Co., Ponca City, Okla....... 
Autry, Vernon E. ., Humble Oil & Refg. Co., Box 1034, Wichita Falls, Tex 
Avery, C. U. S. Survey, 3240 Interior Bldg.. 


|| Ayers, Floyd M., , Sabetha, Kan.. 


Bace, A. C., Stanolind Oil & Gas Co., Philcade Bldg., Tulsa, Okla 

Bacon, Charles S., Jr., Riverside Junior College, Geological edit Riverside, Calif..’ 

Baden, Martin W., Box 520, Winfield, Kan...... 

Bagg, Rufus M. , Box 386, Appleton, Wis. 

|| Bailey, Donald G. 79872 Kensington Road, ‘Los Angeles, Calif. 

Bailey, James P., . Ned. Pac. Petr. Mij., Prinsenstraat, hoek Stradhuisplein, 
Batavia, D. E. I. 

|| Bailey, Joe, 1201 E. Eleventh St., Winfield, Kan 

way Thomas L., Box 713, Ventura, Calif 

Bain, H. Foster, Copper & Brass Research Assoc. +: Broadway, New York, N. Y. 
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MEMBERS 


oe a A., Venezuela Gulf Oil Co., Apartado 234, Maracaibo, Venezuela, 


A., U5. Geological Survey, Washington, 

Baker, Lara H., "542 Wall St., Shreveport, La. 

Baker, Norval E.. Room 1567, 26 Broadway, New York, N. Y. 

Baker, Raymond F., The Texas Co., Geological Dept., 135 E. Forty-Second St., 
New York, N. Y 

Baker, W illiam A. , Jr., Huasteca Petr. Co., Apartado 94, Tampico, Tamps. » Mexico 24 

Bakke, W. E. , North Penn Gas Co., 206 Broad St., Port Allegany, Pa. 

Baldwin, E. B.. Bellville, Austin County, Tex.. 

Bale, Hubert E., 701 Continental Bldg., Oklahoma City, Okla 

Ball, Max W., 715 First Natl. Bank Bldg., Denver, Colo... . 

Ballard, Andrew L., 1518 Alamo Natl. Bidg., San Antonio, Tex. 

Ballard, James L., Drawer F., Houston, Tex.. 

Ballard, William Norv al, 1204 Petroleum Bldg., Oklahoma Cc ity, Okla. 

Banks, Overton B., 2250 Neches St., Beaumont, 

Banks, Thomas R., Magnolia Petr. Co., 2110 y Prac Natl. ‘Bldg. San Antonio, 


, 

Barbat, William F., , Standard Oil Co., Taft, Calif. 

Bard, Richards J., W ayne, Pa 
Barksdale, J. D., Box 2311, Stanford University, Calif.. 

Barling, Robert, 606 Milam Bldg., San Antonio, Tex. (Mail returned). . 

Barlow, Victor, 121 N. Hill St., Los Angeles, Calif.. 

Barnes, Roy M., Continental Oil Co., 417 S. Hill St., ‘Los Angeles, Calif. 
Barnes, Virgil E., 1815 Avenue I, Galveston, : 

Barnett, D. G., United Production Corp., Geological Dept., Houston, Tex. 
Barnett, J. A., 228 Centre St., Dallas, Tex =e : 
Barney, Arthur Y., Piney Oil & Gas Co., 1139 Milam Bldg., San Antonio, Tex...’ 

Barnhart, Carl F., W eatherford, Okla... .. 

Barnwell, George F., Ned. Kol. Petr. Mij. , The Hague, ‘Holland 
\|Barragy, Edward j. Rockwell, Iowa 

Barret, William M., 2524 Fairfield Ave., Shreveport, La. 

\Barrett, Albert F., Box 146, Parco, Wyo 
Barrett, Claude L. ., Twin State Oil Co., Tulsa, Okla... 

Barrett, Morris K., Box 181-A, W heatridge, Colo.. 

Barrow, Geoffrey, 344 Robin Hood Lane, Hall Green, Birmingham, England. 

Barrow, Leonidas T., 3314 Chevy Chase, River Oaks, Houston, Tex. 

Bartell, Laurence D., East Texas Refg. Co., Longview, Tex.... 

Barth, William A., Imperial Oil & Gas Products Co., Owensboro, Ky.. 

Bartle, Glenn G., Kansas City Junior College, Kansas City, Mo.. 

Bartle, Ronald L., 2112 N. Villa, Oklahoma City, Okla. _— returned) 

Bartlett, ts Lothrop, Sun Oil Co., Beaumont, Tex.. 

Bartlett, Fred W., Shell Petr. Corp., Box 2099, Houston, Tex.. 

Barton, Donald C., Petroleum Bldg., Houston, Tex. 

Barton, Louis A., Box 433, Shreveport, La... .. 

Bartram, John G. , Stanolind Oil & Gas Co. , Casper, Wyo. 

\Bartram, Paul L., Box 176, Aspermont, Tex. (Mail returned). 

Barwick, John S., 510 S. Pearl, Paola, Kan.. 

Bass, N. W., U. S. Geological Surv ey, W ichita, Kan. 5 

Bassett, Charles F. , Univ. of Michigan, 1526 Univ ersity Museum, Ann Arbor, Mich.’28 

Bassler, Harvey, c, /o Samuel Mosser, Myerstown, Pa . 

Bateman, Alan M., Drawer C, Yale Station, New Haven, Conn... 

Bates, R. P., 404 Springer Blidg., Tulsa, Okla 

Bauer, C. Max, Box 236, Yellowstone Park, Wyo.... 

Bauermann, Max K. H., Carel van Bylandtlaan 30, The Hague, Holland. 

Bauernschmidt, A. J., Jr, Union Sulphur Co., Sulphur La.,......... 

Bauserman, E. V.H. 308 Federal Bldg., Dallas, 

||Bay, Harry X. , Cole Camp, Mo 

Bayer, H. M., Box 968, Midland, Tex.. 

Bayle, Pierre, Caribbean Petr. Co., Maracaibo, Venezuela, S. A. 

Beal, Carl H., 650 S. Grand Ave., Los Calif... 

\|Bean, John M.., Elwood, Neb... .. 

Bean, Ward Ris "Box 1191, Tulsa, Okla....... 
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Beatty, Robert M., Box 239, Houston, Tex 

||Beck, August F., 1620 S. Troost, Tulsa, Okla. (Mail returned) 

Beck, Elfred, 506 N. Quanah, Tulsa, Okla 

Beckelhymer, Roy L., 2235 Robinhood St., Houston, Tex 

Becker, Clyde M., 224 S. Fourteenth St., Chickasha, Okla.. 

Beckwith, H. T. , S47 Subway Terminal Bldg., Los Angeles, Calif. 

Beede, J. W., Route 2, Spencer, Ind 

Beekly, Albert L., Box 381, Tulsa, Okla 

Beers, Roland F., 1311 Republic Bank Bldg., Dallas, Tex.. 

Behre, Charles H., Jr., Northwestern University, Evanston, ; 

\|Beilharz, Carl F., Pure Oil Co., Gueydan, La................. 

Belknap, Ralph od Univ. of Michigan, Ann Arbor, Mich. 

Bell, Alfred H., State Geological Survey, Urbana, III 

Bell, Harry W esley, Lion Oil ~~ Co., Exchange Bldg., El Dorado, Ark..... 

Bell, John, »> Cottage Lane, Gamesley, Glossop, Derbyshire, E — (Mail r re- | 
turned 

Bell, Olin G., Box 548, Laredo, Tex....................005. 

Belluigi, Arnaldo, Via Vitt. Em. 178, Parma, Italy 

Belt, Ben C., 3451 Del Monte Drive, Houston, Tex.. 

\| Benderoff, Vassili C., Box 464, Springfield, Colo. (Mail returned). . 

Bending, Ralph E., Y. -M.C.A., Wichita, Kan 

Benedum, Darwin, 414 W. Elsmere Place, San Antonio, Tex.. 

Bennett, Clyde M., Magnolia Petr. Co., Dallas, Tex.. 

\| Benson, Don G., Box 104, Greeley, Kan.. 

|Benson, Edmund T., State Geological Survey, ‘Urbana, Til. 

|Benson, Floyd P., 515 E. Oklahoma, Blackwell, Okla.. 

Bentley, B. Howard, 708 San Angelo Natl. Bank Bldg., San Antonio, Tex. “(Mail ® 
returned) 

Benton, Louis B., 1730 Sixth Ave., Fort Worth, Tex.. 

Bentz, Ivan V. 424 W. Twenty- Ninth St., Kearney, Neb.. 

Berger, Walter R. , 1005 Fort Worth Natl. Bank Bldg., Fort W orth, Mc cccsce 

Bernard, W. E., Box 661, Tulsa, Okla.. 

Bernoulli, W., 57 Sissacherstrasse, Basle, ‘Switzerland. . 

Berry, Hally L., Venezuelan Sun Co., Ltd., Apartado 34, “Maracaibo, Venezuela, 


|Berry, Harry L., Box 836, Cushing, Okla.. 

|Berry, Jack J Box 836, Cushing, Okla.. 

Berwald, W. B., U. S. Bureau of Mines, Bartlesville, Okla.. 

Best, J. Boyd, Route 1, Box 420, Houston, Tex.. 

Bevier, George M., 609 Sterling Bldg., Houston, ee 

Bickel, C. Russell, Shell Petr. Corp., Box 417, McPherson, Kan. eee ae 

Bierman, Alfred C., Fain-McGaha Oil Corp., 607 Hamilton Bldg., Wichita Falls, 
Tex.. 

Bingham, Dwight H., c/o Bingham Clothing Co., Junction © ity, Kan. 

|| Bingman, Neal J., Box 4, Midland, Tex. (Mail returned). . 

Biraud, Francois, Cie, Francaise des Petr. les, g Square de Messine, Paris, France. 

\| Birdsong, Pp. M., 1522 Grand Ave., Fort Worth, Tex..... 

Birk, Ralph A. , 811 City Natl. Bank Bldg., W: ichita Falls, Tex. 

Birkett, Donald S., 813 Linwood Ave., Louisville, Ky.. 

Birkhauser, Max, Box 345, Oilfields, Calif 

||Black, Jo Pat, Gulf Prod. Co., Drawer C, Houston, Tex.. 3 

|| Blackburn, Willis C., Humble’ Oil & Refg. Co., 204 Nixon Bldg., Cc orpus Christi, 
Tex.. : 

Blackwelder, Eliot, Box N, Stanford Univ ersity, Calif. 

Blanchard, }. B., Marshall Hotel, Marshall, Tex ; 

Blanchard, W. Grant, Jr., 3609 Potomac, Dallas, ; 

Blanpied, B. W., Drawer 1731; 

|Blau, Ludwig W., 

Bleecker, Edward S. , 1615 W hitehall Bldg., 17 Battery Place, New Y ork, N.Y. 

— Ward B. 707 Petroleum Securities Bldg., Tenth & Flower Sts., Los Angelos, 
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|Boehms, E. F., 214 S. Madison St., San Angelo, Tex.... 

Boggs, Oliver D. , Negritos, Talara, Peru, S. A.. 

Bohart, Philip H., Apartado 106, Tampico, Mexico. . 

Bohdanowicz, Charles, Str. Polna 64, Warsaw, Poland. . 

Bolyard, Garrett L., 308 Peoples Natl. Bank Bldg., Tyler, | 

Bond, Marshall, 328 E. Islay St., Santa Barbara, Calif. 

Bong, Carl P., 3417 Fourth Ave., ‘Los Angeles, Calif. 

Boos, C. Maynard, 430 N. Lake St., Madison, Wis.. . 

Boos, E. J., 610 Ellis-Singleton Bldg., Wichita, Kan... . 

Borden, Joseph L., Box 271, Tulsa, Okla. . 

Borden, S. P., 721 "Slattery Bldg., Shreveport, La.. 

Born, W. =. 15 Ward St., Bloomfield, ee 

Bornhauser, "Max, Superior Oil Co., 4614 Montrose Blvd., Houston, Tex... 

Borst, O. H., c/o "Harris & Haun, Inc., Blackwell, Okla. (Mail returned) 

Bossard, Leon, “‘Wharetui,” Chemin de Vallauris, Antibes, A. M., France.... 

Bossler, Robert B., 102 Grant Court, Olean, N. Y ae 

Bostick, bs Wallace, 4648 Waneta Drive, Dallas, Tex.. 

Bowen, Charles F., Room 1560, 26 Broadway, New York, N. Y.. 

Bowen, James P., Panhandle Refg. Co., Wichita Falls, Tex.. 

Bowen, Lot, 347 N. Crescent Heights Blvd., Los Angeles, Calif. 

Bower, John 'o., Escritorio 724, Calle F lorida 229, Buenos Aires, Argentina, S.A. 

Bowes, Glenn H., 731 Garfield Ave., S. Pasadena, Calif.. ee ' 

Bowles, R. C., 1215 McCullough Ave., San Antonio, Tex. 

Bowling, Leslie, 7 717 Patterson Ave., Austin, Tex........... 

Bowman, Francis F., Jr., Cedarwood Farm, Madison, Wis... 

Bowman, a og F., 1741 W. Main St., Houston, Tex.. 

Bowser, W. , Box 341, San Angelo, Tex.. ie ake 

Boyd, Harold, Henry Doherty & Co., 60 W all St., New York, N. Y... 

Boyd, W. Baxter, 1224 W. Thirty- First  - Oklahoma City, Okla. 

Boyer, Will W., 401 Consolidated Royalty Bldg., Casper, Wyo... . 

Boylan, Ebert E. , Caracas Petr. Corp., Apartado 587, Caracas, Venezuela, ‘A... 

Boyle, Albert Ries ‘Jr., Union Pacific System, 305 Custer St., Laramie, Wyo 

Boyle, George R., 1020 W. Twentieth St., Oklahoma City, Okla.. 

Boyle, Huron L., "McGregor, Iowa. 

Boyle, Walter J., 731 S. Spruce St., WwW ichita, Kan.. 

Boyles, James M. , 2006 Gulf Bldg. Houston, Tex. 

Brace, Orv al L., 2104 Bissonet St., Houston, Tex.. ; , 

Bradfield, Herbert H., Indiana University, Geological Dept., Bloomington, Ind. 

Bradish, Ford, 2005 Fort Worth Natl. Bank Bldg., Fort W orth Tex... 

Bradley, Everett L., 709 Bitting Bldg., Wichita, Kan. 
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H#emorial 


EULOGY TO SIDNEY POWERS! 


We are gathered together to-day in an attempt to do homage to the mem- 
ory of one of our fellows, suddenly stricken in the prime of life. In the face of 
the catastrophe words become but a poor and halting vehicle to express our 
inner feelings. Nature, in its inscrutable fashion, has again taken its toll, and 
we grope in helpless human incompetency to do merited honor to the de- 
parted. What can we do—what can we say—on this occasion that would meet 
with his approval? Those who knew him best are for the first time startlingly 
aware that he was prone to suppress details of his private life and his own 
participation in scientific problems even to the point of complete self-efface- 
ment. They feel that he would wish to let his accomplishments stand for them- 
selves, divested of all sentimentality, even of all the commendation and praise 
which his fellow workers would so willingly accord. Judging by his customary 
outward expression, one might conclude that he would be unwilling to have 
mentioned any of those personal qualities and attributes which must be ex- 
pressed if a full measure of justice is to be done his memory. Yet he was al- 
ways so ready to commend the meritorious work of others, we must conclude 
that he would not be unwilling to have others say about him the things he 
was, with most commendable modesty, unwilling to say for himself. 

Sidney Powers was without question one of the leading geologists of his 
generation. He combined the rare quality of proficiency both in the theoretic 
and applied phases of the science, and in recent years he has been classed by 
many as the most proficient geologist in the oil industry. With tireless energy 
he pursued the study of the science of oil geology, including its latest develop- 
ment, geophysics, and was always a leader in the most advanced thought of 
the time. His education in the field of geology, first aroused by stimulating 
contact with a favorite professor during his senior year at Williams College, 
continued unabated throughout -the period of his specialized training at Har- 
vard University and the entire span of his subsequent life. While yet a student 
at Harvard it was said of him by the faculty that he was even then more con- 
versant with the literature of geology than anyone else in the University. 
Believing firmly that the best training for a geologist was in the field, he 
traveled extensively both at home and abroad, and acquired an enviable 
reputation which spread, through the influence of his writings and personal 
contacts, well beyond the confines of his native country. The esteem in which 
he was held was amply evidenced by the numerous honors bestowed upon him 
by various scientilic organizations. 

His outstanding success in the field of science was the rare ability to origi- 
nate ideas. He was consistently ahead of his associates in correctly visualizing 
and forecasting the next step ahead. In this age of rapidly expanding 
scientific discovery, when most men tend to become muddled and confused by 
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the kaleidoscopic changing panorama, the several steps were correctly syn- 
chronized in his lucid reasoning, were winnowed, and the applicable portions 
promptly utilized to practical ends. With the details of practical application 
he was less tolerant, being usually content to delegate to others the working 
out of the routine procedure. His mind and energy were thus kept clear for 
major problems. 

His achievements both as a scientist and an economic geologist need not 
be further stressed before a group composed in such large part of friends and 
co-workers. They are too well known to justify additional comment. His writ- 
ings alone will stand as enduring contributions to science, and would, in 
number and quality, do credit to a career of double the span of his all-too- 
short life. 

Next, what shall we say of him as a man? His modesty and self-effacement 
undoubtedly led him to undervalue his own work—certainly a rare trait of 
character in the current keen struggle for preferment. If a kindly appreciation 
of his efforts was not volunteered by others, his was not the disposition to 
argue the point. His disappointment, if such existed, was stoically concealed. 

This stoic attitude manifested itself in various phases of his every-day 
contacts. Securely masked behind a seeming attitude of indifference or even 
gruffness, was a most kindly, sympathetic, and sensitive soul. Again a spirit 
of banter accompanied by flashes of incisive humor, successfully covered up 
and obscured inner feelings completely at variance with his seeming mood. 
When least evidenced by outward manifestation, his thoughts ran, far more 
than was generally recognized, to helping others. Many are the scientific 
papers of unskilled neophytes which have been carefully and painstakingly 
edited by his skilled hand, to appear in print without the slightest evidence 
of his handiwork. Many are the unexpected tokens of friendship, in the form 
of personal remembrances, brought back to family, friends, associates, em- 
ployees, on the return from frequent trips to distant places. None have been 
more untiring in their efforts to relieve distress and suffering during these 
troublous times and to find employment for less fortunately situated co- 
workers,—and all done without the slightest urging from external sources. 

Again this stoicism is suspected both by family and friends in the conceal- 
ment of suffering and pain during the last years of ill health. Even after sub- 
mitting to the surgeon’s ministrations, followed by undoubted debility and 
pain, he carried on with a fortitude and seeming endurance which was a con- 
tinua! source of surprise and admiration to all who were aware of the circum- 
stances. Geology was the mainspring of his interest in life aside from family 
ties, and by it he was incessantly and relentlessly goaded to activity. He 
worked as actively, and led others to follow his example, in unremunerative 
pursuits such as the functioning of scientific organizations, as in the work 
upon which his livelihood depended. And all this extraneous labor he con- 
tributed unselfishly during spare time, without in the slightest degree neglect- 
ing his daily duties. Seldom has there been a more unselfish devotion to a 
cause in any field of human endeavor. 

His moral rectitude and probity, his freedom from petty jealousy so com- 
mon in any profession, his absolute insistence that due credit should be given 
for any individual contribution to science, however small, were recognized by 
all who knew him. He was ever more willing to take up the cudgel in behalf of 
another, in cases where he felt that complete justice had not been done, than 
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to defend himself under similar circumstances. Nothing short of the highest 
ethical standards of professional or personal conduct found any justification 
in his outlook on life. 

His friends often wished for him that he might relax, that he might devote 
more time to customary diversions. But apparently, with full knowledge, he 
chose to compress into a brief lifetime the full measure of accomplishment, 
which so many are complacently content to expend in more leisurely fashion. 
A brilliant and dazzling career was the net result of this unremitting toil. 
His life was literally burned out in the ardor of the burning, and we, the sur- 
vivors, are the losers by its untimely ending. 

More we might willingly say with ample justification. But why linger 
when the high lights of his career are so widely known? Biographical details 
can scarcely add to a brief expression of appreciation. We mourn the loss of a 
friend, an ornament and an honor to the profession, and with sadness we re- 
luctantly recognize that his life story is complete, that henceforth he must 
remain to us only an inspiring memory. 

W. E. WRATHER 


BIOGRAPHY OF SIDNEY POWERS 


Since success in life depends largely on mental and physical inheritance 
and on environment, it seems advisable, if we are to understand the intel- 
lectual qualities, the accomplishments, and the successes of Sidney Powers, 
that we review briefly his ancestry and analyze the surroundings in which he 
lived. 

The root of the Powers family has been traced back to Walter Power, 
who was born in England and came to America when a small boy. Moving 
up to the first son of the sixth generation, or to Sidney’s grandfather, we find 
that William Powers, of New Hampshire, married Deborah Ball, also of New 
Hampshire, on February 22, 1816. This couple was the founder of the Lans- 
ingburgh family who have lived at Troy for more than a century, within a 
hundred yards of the site of the original home. In energy, ability, initiative, 
and public-spiritedness, Sidney was like his great-grandmother (Deborah 
Ball). Those who knew the great-grandson well, will understand this sentence 
from a letter which was written about the great-grandmother: “Perhaps no 
human being . . . ever hated more heartily ostentation, insincerity, and words 
without meaning.” 

While the preceding inherent attributes were so pronounced in Sidney, 
some obvious resemblances to his parents were his mother’s keen thoughtful 
eyes, his father’s voice, and his interminable propensity for work. 

Sidney’s maternal grandfather, Edward N. Page, came from Middlesex, 
England, about 1850. He married Betsy Edge, also from England, at Boston 
Massachusetts, June 21, 1852. After 1863 Mr. Page engaged in the manu- 
facture of iron pipe in Cohoes, New York, the family living in a beautiful 
historic house in Waterford near by. 

Sidney’s mother (Matilda Wheeler Page) was educated at Saratoga 
Springs in Temple Grove Seminary, now the Scidmore College of Fine Arts. 
His father (A. W. Powers) was born on January 15, 1862, at Troy, New York, 
in the “Powers Homestead,” an old brick house just south of the home where 
he and Mrs. Powers now live. A. W. Powers was graduated from Greylock 
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Institute in South Williamstown, Massachusetts, and following graduation 
he traveled a year in Europe and attended the college of France, in Paris. 
After returning to Troy he entered the already well established family busi- 
ness of D. Powers and Sons. He married Matilda Wheeler Page, June 25, 
1884, and Sidney, the only child, was born September 10, 1890. 

Sidney was born into an atmosphere created by successful and highly 
respected business men and women; it was in this environment that he spent 
his early life, and yet when it came time for him to choose his own life’s work, 
it lay in an entirely different field. 

As a boy he was especially interested in books of travel, but found little 
pleasure in the popular romantic novel. Rudyard Kipling’s stories delighted 
him, possibly because their plots were laid in strange lands. A good amateur 
stamp collection, which he gradually acquired while in grammar school and 
academy, may have been the outgrowth of this same desire to learn about 
foreign countries. 

Born of kindly, sensible, well-to-do parents, Sidney led a wholesome life 
and had material and cultural advantages that most young men lack. The 
paternal “‘allowance” was not a handicap to scholarship, but an aid, because 
it permitted him to spend all of his time in gaining knowledge and if he de- 
sired to carry on research, the family budget was sufficient. This wasall con- 
ducive to the development of originality and resourcefulness. 

He became interested in forestry and spent the summer of 1910 at the 
Yale Forestry School. Later he imported 10,000 white pine seedlings from 
France, for planting on his father’s farm near Brandon, Vermont, and raised 
many thousands of trees from seed. His father encouraged his interest in 
reforestation of the farm, mainly because it gave Sidney an additional out- 
let for his energy, his father’s theory being that if boys are kept busy, bad 
habits may be averted. 

He prepared for college at the Troy Academy, Troy, New York, and 
entered Williams College in the fall of 1907. 

During his Freshman and Sophomore years, he was not distinguished for 
his scholarship, notwithstanding his industry. This was doubtless due both 
to immaturity and to the character of the prescribed subjects. He seems to 
have found French and German more a test of memory than of intelligence. 
It is evident that he chose his courses carefully because of their value as 
mental tools. He elected courses in mathematics during every semester of his 
college course, and in one semester took two such courses. It is rather sur- 
prising to find that he had no courses in history, philosophy, fine arts, or 
English, except required Freshman English. When he reached his Junior 
year, and was able to elect courses in the natural sciences, he quickly became 
known for his mental alertness, keen observation, ability, and industry. 

Why did he decide on geology as a life work? A special paper on “The 
Peat Bogs of the Northern Berkshires” may have led to the decision to take 
graduate work in geology. He entered into his task with enthusiasm. He read 
all the available literature on the subject and then spent his spring vacation 
making borings of bogs in New York, Massachusetts, and Vermont, in order 
to get samples from different depths and to determine the thicknesses of the 
deposits. The resultant paper was so excellent and was so well illustrated by 
drawings and photographs that he used those parts dealing with floating 
islands as an article for The Popular Science Monthly (now the Scientific 


a 


330 MEMORIAL 


Monthly). The article was accepted and extracts from it appeared in the 
Literary Digest. 

Sidney attended the graduate schools of Massachusetts Institute of Tech- 
nology, 1911-13, and of Harvard University, 1913-15, and from the beginning 
impressed his fellow students and the faculties by his remarkable capacity to 
read and digest the geologic literature. He was by far the best posted student 
on recent geologic publications in the department of geology and his extremely 
logical mind automatically classified and recorded what he read to the extent 
that he was able to refer to it whenever the occasion demanded, or to look up 
the original article without delay. Perhaps one task, outside of his regular 
work at Harvard, that helped to familiarize him with the literature, was the 
cataloging of the exhaustive library of Professor J. B. Woodworth. His early 
intense interest in perusing geologic literature perhaps stimulated his desire 
for his own library, for while he was still at Harvard he made a substantial 
beginning on his comprehensive and valuable personal collection of geologic 
literature that now covers all phases of geology and all parts of the world. 

As a student he showed remarkable independence of mind and also a great 
deal of originality and thoroughness in dealing with any assignment. His 
capacity and desire to delve into the fundamental principles of any problem 
was recognized by faculty members, who turned to him for a detailed study 
of special topics. They knew the subject would be traced to its source and the 
presentation would be clear and effective. It would also be original, for 
Sidney seldom accepted the word of even the highest authority without a 
struggle. He delighted to fight alone on the less popular side and he was not 
disturbed by his isolation. 

Students like Sidney, with the capacity for thoroughness, willingness to 
work, and eagerness to learn, make teaching worth while. He received his 
M.S. degree from the Massachusetts Institute of Technology in 1913, and 
his A.M. and Ph.D. degrees from Harvard in rors. 

As evidence of the high esteem in which he was held by the Harvard 
faculty, he was awarded the coveted Sheldon Fellowship for two years. The 
first year (1914) was spent at Harvard, and the second year (1915) he traveled 
to Hawaii and Japan, where his tireless energy and desire for information 
carried him into the remote corners of these islands. The income of the 
Frederick Sheldon Fund is used for the “further education of students of 
promise and standing in the University, by providing them with facilities for 
foreign education by travel after graduation or by establishing traveling 
scholarships.” Returning from Hawaii he spent the next year (1915-16) as 
research fellow at Harvard. 

He was a persistent collector of geologic specimens. On the Harvard Sum- 
mer School trip in 1912, in the Three Forks area, Montana, he collected and 
neatly labeled rocks which were shipped to his home. A generous collection 
of these, and many others, was donated to Wesleyan University, where numer- 
ous students know more of the geology of Canadian mining regions, of Nova 
Scotia, of Hawaii, and of Japan because of this gift. Only recently Williams 
College received some excellent specimens for its collection. This habit con- 
tinued through the years, for he collected valuable specimens on each field 
trip. There was hardly room in his office, at times, for the things he brought 
back, ranging from large boulders to dried sea horses. 

An exceptionally altruistic spirit was one of Sidney’s outstanding charac- 
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teristics. During all of his active professional life he was thinking of others. 
His loyalty to friends and associates was extraordinary. He was seldom too 
tired or too ill or too occupied to visit an intimate friend or a near relative 
of an employee, at considerable personal inconvenience, even though the call 
was but a few minutes long. Because of his unselfish interest in others, his 
contacts were many. It is doubtful whether there is another geologist whose 
personality and interests have touched as many members of the profession. 
He not only knew much about them personally and the work they were 
doing, or were capable of doing, but he could tell you their past and present 
commercial or University connections. 

In almost any small group of Mid-Continent geologists that may gather 
together, there is likely to be one or more who can tell of assistance in some 
way received from him. Whenever, in his association with fellow geologists, 
he learned that some one had a worth-while idea or contribution to the science, 
he urged that the material be published. His efforts, however, did not stop 
there, but continued with aggressiveness until the manuscript was ready for 
the printer. It is regrettable and unfortunate that mention and appreciation 
of his helpful criticisms fail to appear in the finished product, even in the 
form of a slight acknowledgment. He did not seek such recognition, for his 
interest was centered solely in the product. He bought innumerable postcards 
and used them to inform fellow workers of some reference that would throw 
light on their problems, of some pertinent observations in the field that had 
a bearing on problems of others, or for asking some co-worker to furnish in- 
formation bearing on some problems of his own. In addition to his eagerness 
to help others interested in furthering the science, he had a very definite 
personal interest in all geologists. He was ever alert to bring an employer and 
an employee together. For the last few years it was to him a disturbing fact 
that so many geologists were out of employment, and he was actually instru- 
mental in securing work for some of them. 

Sidney’s real personality was misunderstood by many geologists and 
others who failed to see his kind and most forgiving nature, securely hidden 
behind his frank and often blunt criticism and outspoken intolerance of lazi- 
ness, inefficiency, and sham. As he approached middle life he became more 
tolerant and less impatient without losing his valuable stimulating qualities 
of mind. He was not critical of men, but may have been critical of ideas which 
they advanced. He was admired for his unusual capability in his professional 
and commercial capacity, but he was loved by his close friends for the inner 
man whom they knew to be considerate, generous, honest, and extremely fair. 
In spite of his seemingly tireless effort to complete his own work in record 
time, he possessed the generosity and willingness to help others. 

His vigorous desire for truth and his unrelenting search for sound prin- 
ciples on which to base his conclusions and geologic interpretations were 
among his most valuable attributes. These tendencies which he developed 
early in life continued with him in his professional career. 

He was an original thinker and no blind follower of precedents. He was 
inclined to overturn accepted things and had a wholesome and stimulating 
lack of reverence for things already done, until he personally had examined 
the soundness of the foundation. He had little pride of opinion and seemed 
ready to abandon any idea he had advanced, if it proved to be unsound; but, 
needless to say, convincing evidence had to be presented before he would 
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abandon his idea. He always brought ideas to any conference. They were fre- 
quently disturbing ideas because they departed from accepted opinions, and 
that made them valuable. 

One of the outstanding and valuable aspects of his activity was his breadth 
of interest. In addition to his work in petroleum geology, by which he obtained 
his livelihood, he found time to consider geologic problems for the sake of pure 
science, and possessed the rare ability of coérdinating and harmonizing pure 
and applied geology to the enhancement of both. He was admired and will be 
remembered for the unique combination of resourcefulness and originality 
in starting new projects and for his pertinacity and thoroughness in carrying 
them to a successful conclusion. 

Sidney kept himself well informed as to the oil developments and pros- 
pects, from a geological standpoint, of every actual and potential area in the 
world. He always maintained most voluminous correspondence from every- 
where in the world where oil geologists were working, and whether it was 
China or Japan or any of the Near East areas, or Africa or South America, he 
could at any time give a very comprehensive picture of what the oil possi- 
bilities or geology might be. 

He had a remarkable ability for getting all the information available in 
the particular area that he had under consideration. His reports always con- 
tained a complete and detailed history of field developments in the area, be- 
cause he would never leave an area until he had ferreted out everything that 
was known from both a practical and a technical viewpoint. 

His breadth of interest is also indicated by the number and character of 
the scientific societies of which he was an active and interested member: 
American Association of Petroleum Geologists (1917); Geological Society of 
America (1920); Society of Economic Geologists (1921); Institute of Petrol- 
eum Technologists (1925); American Institute of Mining and Metallurgical 
Engineers (1917); and Tulsa Geological Society (1920). 

Sidney at heart was a scientist and would have been content to work 
out his geology, remote from commercial affairs, except for the realiza- 
tion that he must earn a livelihood and that he felt he had a usefulness in ap- 
plying science to commerce. In his characteristic way of looking ahead, he 
probably saw greater opportunities to further the science in petroleum ge- 
ology because of the opportunity not only to study the surface rocks in de- 
tail, but the chance to study and decipher subsurface formations from logs 
and cuttings of wells drilled for oil and gas. Accordingly he accepted a position 
with The Texas Company as division geologist in the summer of 1916. His 
first assignment was in northeast Texas to study interior salt domes. Here 
living conditions were terrible but nothing seemed to bother Sidney. He kept 
at his work with indefatigable energy every day in the week from sun-up to 
sun-down. The physical hardships of that summer must have told on his 
constitution, yet he never uttered a word of complaint. He was transferred to 
southern Oklahoma in the fall of 1916 to study the oil and gas possibilities of 
that region. Here, from a study of material shot from a well in the Healdton 
field, he recognized that, on the top of that structure, the Pennsylvanian rocks 
rest directly on Ordovician rocks at a depth of 875 feet. In 1917 he published 
his conclusions and for the first time gave to the profession the conception of 


buried hills and emphasized the importance of unconformities in a search for 
new oil fields. 
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In 1914 he passed the civil service examination for the position of assist- 
ant geologist in the United States Geological Survey, but he could not con- 
sider Survey employment for the next three years because he was engaged 
in commercial work. In the fall of 1917 he was offered positions by both the 
Illinois and Federal Surveys, and accepted an appointment as assistant 
geologist with the United States Geological Survey on September 17 of that 
year. 

His first assignment with the Survey was in September, 1917, as head of a 
field party engaged in structural mapping in the Osage Nation, Oklahoma. 
In December, 1917, he was transferred to study the structure of the Cretaceous 
and older rocks in the Madill-Dennison area in Texas and Oklahoma, and 
later he examined salt domes and reported anticlines in Smith and Van Zandt 
counties, Texas. He returned to the Osage Nation in February, 1918, to 
continue work on that project and in May, 1918, was assigned to duty at 
Lawton, Oklahoma, for the purpose of studying the oil and gas possibilities 
at the Fort Sill Military Reservation. While making this study, he was re- 
quested by the commanding officer to study the water supply for the military 
camp at Fort Sill and for the city of Lawton. The results of his Survey work 
appear in the official publications, and are listed in the bibliography attached 
hereto. 

A few days after his appointment to the Survey, in September, 1917, he 
received a commission as Second Lieutenant in the Engineer Officers Reserve 
Corps, but did not enter active Army service until June 11, 1918, because the 
Survey interceded and asked that he engage temporarily in civil duty, since 
the Survey needed well trained and competent geologists in the field in search 
of new oil reserves for war emergency. 

He resigned from the Survey and entered active military service June 11, 
1918, reporting at Fort Sill, Oklahoma. He was in the military hospital from 
June 11 to August 1 because of an operation for mastoiditis. He attended the 
Engineer Officers’ Training Schools, Camp Lee and Camp A. A. Humphreys, 
Virginia, until October 1,and was then transferred to the 6th Training Regi- 
ment and sailed for France, October 26, as a casual officer for special geo- 
logical duty. He reached Liverpool November 8, 1918, and from there went 
to the general headquarters at Chaumont, France. He returned to Philadel- 
phia February 21, 1919, and received his discharge from active military 
service February 23, 19109. 

In the early spring of 1919 he became associated with E. L. DeGolyer 
who, a short time later, organized the Amerada Petroleum Corporation and 
chose Sidney as chief geologist, in which capacity he served from 1919 to 
1926; after that date, until his death, he was designated consulting geologist. 
His work with the Amerada Petroleum Corporation speaks for itself, leaving 
no doubt that he delivered full value in the field of petroleum geology. In 
commenting on his work with the Amerada, mention should be made of the 
opportunities afforded to Sidney to go to any place within reason that he 
chose, for the purpose of gaining geologic knowledge. He was given a free 
hand and roving commission which permitted him to carry to a successful 
conclusion the study of various geologic problems which he considered would 
help him in his work as a petroleum geologist. In addition to this, he was per- 
mitted to publish any of the results of his investigations, withholding only 
that which his discretion dictated. His reports were always clear, and he 
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never hesitated in backing up his judgment by very definite recommendations. 
After a personal study and examination of any prospect, it made no difference 
to him how many other geologists differed with him, he would hold to his own 
views. He was always able to make up his mind, which was of the greatest 
importance and value to his associates. 

The foregoing qualities were the result and outgrowth of those sterling at- 
tributes previously mentioned, namely, his skepticism of geologic work poorly 
done, his eagerness for geologic truth, and his inexorable search for funda- 
mental principles on which to base sound conclusions. 

The Crinerville oil field, in Carter County, Oklahoma, was discovered 
in June, 1920. It is located in an area of complicated geology that required 
careful and painstaking field work based on thoroughness and mature judg- 
ment. Sidney’s recommendations regarding this prospect were severely criti- 
cized by most geologists who claimed familiarity with the region, but his 
judgment was unshaken by the criticism and was entirely vindicated. 

The science of geophysics was introduced to the oil fraternity a few years 
ago and has been developed as an aid to the geologist in his search for new 
oil fields. Sidney was associated with the early work of geophysicists and 
played an important part in the development of seismographic work through 
and by his extremely critical attitude. Yet he was always open-minded. In 
characteristic fashion he examined the basic principles of the instruments and 
methods and finally completely satisfied himself that the results of work 
properly done by capable geophysicists, and interpreted by competent geolo- 
gists, may be relied on to represent true geologic conditions. 

Among Sidney’s contributions to the science was the Oklahoma Geological 
Map, the preparation of which was begun early in June, 1923. The final 
colored map was issued in December, 1926, by the United States Geological 
Survey. It was printed in 22 colors with 105 separate colored patterns. It was 
proposed as a codperative project between the United States Geological Sur- 
vey, the Oklahoma Geological Survey, the Tulsa and other geological societies 
of the state, and some of the oil companies. The expected financial support 
from the State was not realized because Governor Walton vetoed the bill ap- 
propriating funds for the Oklahoma Geological Survey for the next two years. 
He also turned down Sidney’s personal appeal for funds for the map project. 
It took more than a Governor’s refusal of support to check Sidney’s enthusi- 
asm and he appealed to the geologists of Oklahoma for the necessary funds 
and also requested their codperation in supplying information. They gener- 
ously responded with contributions and pledged information. 

The money collected amounted to $3,396.25 from a total of 260 sub- 
scribers. Solicitation of funds, by Sidney personally, was exclusively among 
geologists, but subscriptions were accepted from oil operators and companies 
when sent at the request of geologists employed by them. Sidney took a 
personal interest in the map project and he used every effort, not only to speed 
up prompt initiation of the project, but also to effect prompt publication. 

He made suggestions regarding the form of compilation and sources of 
information. He personally secured many maps from different sources and 
requested geologists to make information available. He also arranged for 
office and field conferences and provided office space and facilities for a 
period of several months in Tulsa. Publication of the map, which gave for the 
first time the results of detailed mapping on more than half the state, was an 


MEMORIAL 335 


important addition to the knowledge of the geology of the United States and 
at the same time it stands as a monument to Sidney’s ability, leadership, and 
interest in the geology of Oklahoma. 

After Governor Walton vetoed the appropriations for the State Survey, 
Sidney secured from the Governor $2,500.00 for the publication of maps by 
C. W. Honess, of portions of McCurtain, Choctaw, Pushmataha, and LeFlore 
counties, for use in Bulletin 32 of the Oklahoma Geological Survey, and he as- 
sumed charge of letting a contract for the engraving and printing with Hoen 
and Company. 

Also, a draft of an appropriation bill for the Oklahoma Geological Survey 
was written by Sidney in January, 1924. He and several other geologists 
called on Governor Trapp and a committee of the Legislature and presented 
a plea in behalf of the appropriation. This bill was finally passed by the Legis- 
lature and approved by the Governor. 

The history of the development of The American Association of Petroleum 
Geologists is inseparably linked with the life and work of Sidney. Its success 
and the present high standards of the Bulletin are in large part due to his 
efforts. His name appears on the first roster which was published in 1917 as 
Vol. I, of the Southwestern Association of Petroleum Geologists, which was 
the fore-runner of The American Association of Petroleum Geologists. The 
activity of the Association that came nearest to Sidney’s heart was probably 
the publication of important information pertaining to petroleum geology. 
He was a generous and consistent contributor to the Bulletin himself and in 
addition to his own articles, should be given credit in part for many of the 
other published papers. 

He was widely acquainted and on his many travels was constantly seeking 
subjects of interest for publication in the Bulletin and authors who might be 
able and willing to write on these subjects. During much of his most active 
period, he was almost daily sending post-card suggestions to the editor con- 
cerning contributions for the Bulletin. He was particularly anxious for the 
younger men to publish papers and in many cases he supplied the necessary 
inspiration. If he thought any co-worker had problems suitable for publication, 
he gave them no peace until the paper was submitted to the editor. It is not 
known how many manuscripts were practically rewritten by him before they 
appeared in print. 

One unique circumstance will suffice to illustrate his desire and determina- 
tion to see what he considered to be valuable information published. There 
were certain geological features about an area that Sidney wanted in the 
literature and he picked the author and requested the paper. The paper was 
not forthcoming, so Sidney outlined the subject matter of what he wanted 
and sent it to his appointed author with the request that the details be filled 
in and returned. The author still either refused or neglected to finish the 
paper; finally Sidney wrote the paper and signed the author’s name. 

Another phase of the activities of the Association, in which Sidney was a 
zealous worker, was securing new qualified members. Through his efforts, 
many new names were added to the roster, especially geologists in foreign 
lands. 

He was vitally concerned with the ethics of the Association and its mem- 
bers and was actively interested in the preparation and adoption of the code of 
ethics. 
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He was always intensely interested in the financial status of the Associa- 
tion, and particularly so in the last few years since the unemployment among 
geologists has prevented many members from maintaining their membership 
in good standing. His main concern was that the men were out of employment, 
rather than that they were unable to pay their dues. It was evident several 
years ago that the normal income was insufficient to publish valuable avail- 
able material. To meet this need, a special fund called “Revolving Publication 
Fund” was established with surplus funds collected by the local committee for 
the fall meeting of the Association in New York, November, 1926. Sidney par- 
ticipated in the conception of this fund and was ever alert in finding ways and 
means of adding moneys to it. 

One of Sidney’s outstanding contributions to the work of the Association, 
and one of his most lasting monuments, is the symposium, Structure of Typical 
American Oil Fields. He, together with a few co-workers, conceived the idea 
that valuable information regarding developed oil fields should be published 
that it might serve as a key to the yet unknown areas. He undertook the 
laborious task of choosing material for these volumes; of finding competent 
authors; of soliciting the papers; and of editing the manuscripts. He was of- 
ficially designated editor of this symposium in three volumes. Volumes I and 
II have been published and Volume III is to be published during the current 
year. 

The executive committee passed the following resolution on June 1, 1932: 
“Official editor of Volume III, Structure of Typical American Oil Fields. That 
the title page of Volume III, of the symposium on the structure of Typical 
American Oil Fields shall carry the following designation: ‘Prepared under 
the auspices of the Research Committee, Alex. W. McCoy, Chairman. Com- 
piled and edited by Sidney Powers.’” 

He personally solicited many of the papers and did a great amount of 
editorial work for Volume III, which is to be dedicated to his memory. W. E. 
Wrather, one of his intimate friends and colleagues, has been chosen to com- 
plete the editorial work for this important volume. 

Sidney was also the instigator of the symposium on “Occurrence of 
Petroleum in Igneous and Metamorphic Rocks” in the Association Bulletin, 
Vol. 16, No. 8 (August, 1932). He not only solicited many of these papers, but 
also did much of the necessary editorial work. While not appearing officially in 
the volume on Geology of Natural Gas, to be published in the near future by 
the Association, he contributed liberally of his time in soliciting papers and 
in editorial work and in urging immediate compilation and publication. 

In addition to his tireless efforts on these special volumes, he gave time 
and energy to the work of the Bulletin of the Association and in a large 
measure is responsible for the building and maintenance of its present high 
standards. 

His effort to persuade The Geological Society of America to accord fuller 
recognition to the scientific work of The American Association of Petroleum 
Geologists was in part rewarded when he, and other Mid-Continent geologists, 
were instrumental in bringing that Society to Tulsa for its 1931 annual meet- 
ing which afforded an opportunity for older scientists properly to evaluate 
petroleum geologists and their work. 

Sidney Powers was elected president of The American Association of 
Petroleum Geologists in March, 1930, for one year and served on the executive 
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committee as past-president the following year. While he was president, it 
was obvious that when he knew that a member disagreed with him, he tried 
to place that member on some committee in order that he might discuss the 
particular problem with him. His criticism was usually blunt but was always 
good and to the point. He relished discussion and tried to bring men of diverse 
views together. 

Sidney was elected a Fellow of The Geological Society of America, De- 
cember, 1920, and rarely missed an annual meeting since his post-graduate 
student days. He frequently took an active part in the discussions of papers, 
which indicated the breadth of his knowledge and his ability to discuss prob- 
lems of pure science. He was elected a member of the Council of The Geologi- 
cal Society of American in December, 1930, for a period of three years, and 
from then on he necessarily took a more active interest in the activities of the 
Society. 

In his work with The Geological Society of America, as in all of his many 
other activities, he displayed tremendous energy and interest in doing all 
that could be done to further the cause of our science and to help along the 
different workers in it. 

His interest and ability had become so recognized that he was made 
chairman of the committee which recently revised those by-laws of The Geo- 
logical Society of America which were voted on during the holidays at the 
meetings in Cambridge (1932). This involved an immense amount of work 
and responsibility. He was given charge of this because of his own great ca- 
pacity, very wide acquaintance with the field of geology and geologists, and 
the needs of the Society, and also undoubtedly because of the confidence 
reposed in him by the members of the Council who were in the best position 
to judge. 

As a member of the Council and a Fellow of The Geological Society of 
America, he was keenly interested in the Penrose Bequest and in the manner 
in which the available funds should be spent, believing that the best interests 
of the Society would be served by fostering real research, and in the publica- 
tion of pure scientific work already finished or in process of completion, for 
which there are no other available funds. 

He was an ardent supporter of research in the field of geology, believing 
that through such medium the Science of geology could be most effectively 
advanced. He was a member of the National Research Council, in which his 
colleagues admired his great energy in the stimulation of the research of Mid- 
Continent geology, and his efforts along this line greatly advanced the science 
to which he was devoted. Members of the Research Council, who worked with 
Sidney, valued his friendship and respected his judgment. 

The International Geologic Congress is another organization devoted to 
science, in which he took some interest dating back to his student days at 
Harvard. He attended the twelfth session of the Congress at Ottawa, Canada, 
in 1913, where, it is said, he took part in scientific discussions that provoked 
considerable favorable comment regarding the breadth of this student’s 
knowledge. 

He was a delegate to the fourteenth session of the Congress at Madrid, 
Spain, as special representative of The American Association of Petroleum 
Geologists; the Society of Economic Geologists; the Tulsa Geological Society, 
and Williams College, Williamstown, Massachusetts. 
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Because of his general interest and activities in the field of geology and his 
wide experience, his services were sought on the organization committee and 
the petroleum committee of the sixteenth session of the International Geo- 
logical Congress which will be held in Washington, D.C., July, 1933. 

Sidney became a member of the Tulsa Geological Society in 1920. He 
contributed his full share to the programs, both in the presentation of papers 
and in pertinent discussions. His sharp witticisms added much to the success 
of the meetings, but more than this, he exerted an influence and inspiration 
that extended to all members. Many papers presented before this Society owed 
their inception to him, who, through his interest in, and knowledge of, men’s 
work, was able to inspire the undertaking. 

In vacations, in the popular sense, he seldom, if ever, indulged. His mental 
activity was remarkable. His mind seemed to need no rest, for he was so 
thoroughly interested and absorbed in his work that he seemed not to tire, at 
least mentally. Perhaps the diversity of angles from which he worked was in 
itself a rest. His idea of a vacation is illustrated by an incident in the early 
days of the Amerada. Its officials had spent considerable time in Mexico and 
naturally discussed the geology of that country, on which, at that time, Sid- 
ney had little or no first-hand information. At the first opportunity for a 
vacation, he spent two weeks in the oil fields of Mexico. His associates im- 
plored him to enjoy some real vacations, but the few he took were spent in 
places where he could increase his store of scientific knowledge. 

Sidney chose to spend more time than the average professional man spends 
in pursuit of scientific information and in the preparation and publication of 
pertinent facts. In his busy professional life, so crowded with long working 
hours and fatiguing field trips by auto, train and airplane, he needed and 
found rest and relaxation in his quiet home. His own home life began in 1917, 
when he and Dorothy Edwards were married, September 10. She was a New 
England girl, with much the same kind of inheritance, environment and educa- 
tion as that possessed by Sidney. The family group, including the two girls, 
Deborah and Elinor, were a real joy and comfort to him and contributed much 
to his happiness and success. 

We are astounded when we review Sidney’s life, and we marvel at the 
amount of literary work and accomplishment that he was able to do in his 
few overcrowded years. His career as a contributor to science began in 1911 
and continued practically without interruption until the last. His bibliography, 
which appears as a part of this memorial, contains 124 titles, including major 
contributions with reviews and discussions that cover practically the whole 
field of geology. His early writings include papers on vulcanology in Hawaii, 
Alaska, Japan, and the Pacific Islands, a small number of papers on paleon- 
tology, although he took no active part in this branch of the science, and a few 
deal with the geology of igneous rocks. He wrote a considerable number of 
papers dealing with dynamical and structural geology. In the field of general 
and areal geology, his papers cover areas in New England, Nova Scotia, 
Spanish Honduras and Guatemala, Rocky Mountains, Oklahoma, and Texas. 
He published a considerable number of papers on general geology in the Mid- 
Continent field and a considerable number more dealing with specific oil 
fields in Oklahoma, Texas, Kansas, Louisiana, Australia, France, Persia, 
Egypt, and Mexico. He also published papers dealing with geology of salt 
domes, petrology, and sedimentation. In addition to these papers, he pre- 
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pared many geologic notes on special topics and reviews and discussions of 
the work of other geologists. 

The name of Sidney Powers is to-day, and probably always will be, pri- 
marily associated with the idea of “buried hills.’”’ It is characteristic of his 
vision and his pioneering instinct that, at a time in the history of petroleum 
geology when almost universal attention was focused on surface structure, he 
recognized and promulgated the importance of the study of material brought 
from the ground in the process of drilling. This early study of his probably 
marks the beginning of the now extensive use of drill cuttings to unravel the 
perplexing problems of buried or subsurface geology. 

In 1922 he enlarged on the importance of buried hills and set forth the 
general principles of his ideas, pointing out the application in many oil fields 
of the United States. This was followed by a still wider study in which he 
showed the application of the principle of buried hills in various oil fields of 
the world. 

His views were substantiated by the constant accumulation of material, 
and their value became so generally recognized that to-day the principle of 
buried hills and buried unconformities is recognized as second to none in 
petroleum geology. 

A few of his other outstanding papers are “Interior Salt Domes of Texas,” 
published in 1926; ‘“‘The Seminole Uplift, Oklahoma,” which appeared in 
1927; and the ‘“‘Age of Folding of the Oklahoma Mountains—The Ouachita, 
Wichita and Arbuckle Mountains of Oklahoma, and the Llano-Burnet and 
Marathon Uplifts of Texas,’’ which was published in a bulletin of The Geo- 
logical Society of America in 1928. 

During the summer of 1932 he was working on the manuscript entitled 
“The Occurrence of Petroleum in the United States’”’ with notes on Canada 
and Mexico, which was originally intended to appear as a chapter in a volume 
of Das Erdél, a German publication. After this manuscript was practically 
completed, he found that there were no funds available for publication; 
nevertheless he decided to complete the manuscript, presenting the treatise 
in book form. The paper discusses the numerous fields and divisions of fields 
in the various major oil-producing areas in North America and a brief discus- 
sion of types of folding and oil accumulation and regional structural conditions, 
together with the age of formations and accumulation of oil. 

Many facts regarding Sidney’s deeds, traits of character, and achievements 
have been stated in this memorial that he, because of his enviable modesty, 
would never allow to be given, but the writer has attempted to outline briefly 
an extraordinary career in justice to the memory of our beloved and admired 
colleague. Even though his life was short, he accomplished more than most of 
us do in our full allotment of years. His passing away on November 5, 1932, 
creates a gap in American geology which none can fill. Geology has lost one of 
its real scientists. He may be compared with the old masters of geology who 
devoted their entire time and energy to science. Sidney Powers will be known 
by future generations for his able contributions to pure and applied geology, 
but, important as are his scientific achievements, his character was greater, 
because it typified service to others. 

The writer has drawn freely on all possible sources of information that 
were known and available to him in the preparation of this memorial. With- 
out the full coéperation of mutual friends and relatives, the facts about Sid- 
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ney’s life and accomplishments would have been impossible to secure. Full 
acknowledgment and credit are thankfully given to all those who have con- 
tributed information. 
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C. L. Dake,” Bull. Amer. Assoc. Petrol. Geol., Vol. 12, p. 1171. 

“Review of ‘The Geology of British Honduras,’ by Leslie H. Ower,” Ibid., p. 
950. 

“Contribution to C. W. Tomlinson’s ‘Oil and Gas Geology of Carter County,’”’ 
Oklahoma Geol. Survey Bull. No. 40-Z, 78 pp. 

“Collines Enterrées (Buried Hills) et Champs Pétrolifére du Monde,” Revue 
Pétrolifére, No. 333, pp. 1091-92 (August). 

“The Geological Significance of Petroleum Developments in Oklahoma in 1929,” 
Amer. Inst. Min. Eng., Petrol. Prod. and Tech. for 1929 (Discussion of H. B. 
Goodrich’s paper on “‘Oklahoma”’). 

“Prefatory Note,” Struct. Typ. Amer. Oil Fields, Symposium, Vol. II, Amer. 
Assoc. Petrol. Geol., 1929. 

“History of American Association of Petroleum Geologists,”’ Bull. Amer. Assoc. 
Petrol. Geol., Vol. 13, pp. 153-70. 

“Cap Rocks of Oil Sands,” Discussion, Jbid., p. 688. 

“ Masjid-I-Sulaiman Oil Field, Persia: Gypsum Flowage in Persia,” Discussion, 
Ibid., 685. 

“Review of ‘Annotated Bibliography of Economic Geology,’ ”’ Ibid., p. 1487. 

“Review of ‘Earth Flexures,’ by H. G. Busk,”’ Ibid., p. 694 

“Review of ‘Madagascar and Its Oil Lands,’ by Arthur W fade,” Ibid., p. 694. 
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“Review of ‘Oil and Gas in Alabama,’ by D. R. Semmes,” Jbid., p. 1487. 
“Review of ‘The Structure of Asia,’ edited by J. W. Gregory,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 14, p. 1231. 

““Structure of Typical American Oil Fields,” Geological Note, Jbid., p. 628. 
“Occurrence of Petroleum in North America,” Amer. Inst. Min. Eng. Technical 
Publication No. 377, issued with Jan., 1931, number of Min. and Met. 
“Structural Geology of Northeastern Oklahoma,” Jour. Geol., Vol. 39, pp. 117- 


32. 

“Drilling for Geophysical Data in Yellowstone National Park,” Geological 
Note, Bull. Amer. Assoc. Petrol. Geol., Vol. 15, p. 469. 

“Review of the ‘Auto-Traction Hypothesis of Crustal Evolution,’ by Justin 
Sarsfield DeLury,” Jbid., p. 976. 

“Review of ‘The Geology of Malaya,’ by J. B. Scrivenor,”’ [bid., p. 976. 

“Review of ‘Field Geology,’ by F. H. Lahee,” Jour. Geol., Vol. 39, p. 491. 

“Review of ‘Petroleum in the United States and Possessions,’ by Ralph Arnold 
and William J. Kemnitzer,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 16, p. 103. 

“Review of ‘Fallas y Petroleo en la Antiqua Zona de Reserva Fiscal de Cinco 
Mil Hectareas de Comodoro Rivadavia (Faults and Petroleum in the 
Antigua Zone of the Federal Reserve of Five Thousand Hectares),’ by 
Enrique Fossa-Mancini,” Jbid., p. 267. 

“Review of ‘Stream Sculpture on the Atlantic Slope, a Study in the Evolution 
of Appalachian Rivers,’ by Douglas Johnson,” Jbid., p. 267. 

“Review of ‘The Older Appalachians of the South,’ by Frank J. Wright,”’ Jbid., 


p. 267. 

“Review of ‘Jurassic History of North America: Its Bearing on the Development 
of Continental Structure,’ by C. H. Crickmay,” Ibid., p. 268. 

“Review of * General Report and Review, W est Texas ae to December 31, 
1931,’ compiled by oil company scouts,’ ’ Ibid., p. 

“Review of ‘The Milk Riv er Area and the Red Coulee Oil Field, Alberta (Can- 
ada),’ by C. S. Evans,” Ibid., p. 425. 

‘Review of ‘Gas in the Tioga Region, Pennsylvania,’ by G. H. Ashley and S. H. 
Cathcart,” Ibid., p. 425. 

“Review of ‘Geology of Iberia Parish (Louisiana),’ by H. V. Howe and C. K. 
Moresi,” Ibid., p. 425. 

“Division of Geology and Geography, National Research Council’ (with Ray- 
mond C. Moore), Ibid., p. 620. 

“‘Editor’s Foreword, ‘Symposium on the Occurrence of Petroleum in Igneous and 
Metamorphic Rocks,’ ” Jbid., p. 717. 

“Nature and Origin of Occurrences of Oil, Gas, and Bitumen in Igneous and 
Metamorphic Rocks” (with Frederick G. Clapp), bid., p. 719. 

“Notes on Minor Occurrences of Oil, Gas, and Bitumen, with Igneous and Meta- 
morphic Rocks” (compiled with various authors), [bid., p. 837. 


FRANK R. CLARK 
TuLsA, OKLAHOMA 
February, 1933 


ERASMUS HAWORTH 


Doctor Erasmus Haworth, former state geologist of Kansas and for many 
years head of the department of geology at the University of Kansas, died at 
Wichita, Kansas, November 17, 1932. He was 77 years old. Thus was closed 
the career of an outstanding figure in the development of geology in the 
northern Mid-Continent region as applied to petroleum development. 

In the first place, Doctor Haworth made notable contribution to knowl- 
edge of the stratigraphy and areal geology of Kansas, for the work done by 
him and his associates of the early Kansas Geological Survey furnishes the 
foundation on which later detailed investigations largely rest. Many of the 
familiar formation and group names in the Pennsylvanian and Permian 
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systems, such as Oread limestone, Cherokee shale, and such terms as Douglas 
and Shawnee, were introduced by him. They are widely used in neighboring 
states as well as in Kansas. These and other stratigraphic units defined by 
him have been studied by hundreds of petroleum geologists, and not only 
have been traced by them for long distances at the surface but have been 
identified far from the outcrop in well borings. 

Next to be mentioned is Doctor Haworth’s special interest in economic 
geology, including particularly the geology of petroleum and natural gas. 
Several of his important scientific papers were devoted to discussion of the 
oil and gas resources of Kansas. One of the most widely used reports of the 
Kansas Geological Survey was his Special Report on Oil and Gas, Volume 
IX, published in 1908. In his later years at the University of Kansas, Doctor 
Haworth devoted much time to private investigations of prospective oil- and 
gas-producing areas. He resigned his position as state geologist in 1915 in 
order to give larger attention to this private work, and in 1920 he relinquished 
also his teaching duties in order to devote all of his time to petroleum geology. 
He was connected directly or indirectly with exploratory work in many fields 
in the northern Mid-Continent, but especially in Kansas. 

Finally, Doctor Haworth’s work as a teacher of geology calls for special 
attention. From 1883 to 1892 he was a member of the faculty of Penn College 
in Oskaloosa, Iowa. At the end of this period opportunity came to return to 
the University of Kansas as professor of physical geology and mineralogy. 
Doctor Haworth thus took up the work as teacher and investigator of Kansas 
geology, for which he is chiefly known. For nearly forty years he met in classes 
the many students who enrolled for work under him. He was a capable teacher 
whose discourses in the class room were enlivened by graphic descriptions of 
innumerable personal observations. He had an inexhaustible fund of humor 
from which he liberally drew to illustrate a point or clinch an idea. He was 
familiarly known everywhere as ““Daddy”’ Haworth, a title which amply indi- 
cates the general affection and esteem in which he was held by the student 
body. 

Recognition of the practical importance of scientific training in the exploi- 
tation of the mineral resources of his state and other regions, led him to aid in 
establishment at the University of Kansas of a department of mining engineer- 
ing. The growth of classes in geology and mining soon called for enlarged fa- 
cilities, and in 1908 a separate building was erected to house the work in these 
fields. It is fitting that this building has come to be known as Haworth Hall. 

Doctor Haworth was for many years a member of The American Associa- 
tion of Petroleum Geologists. He was an original fellow and life member of 
the Geological Society of America, and a life member of the Kansas Academy 
of Science. He belonged to the honorary fraternities Sigma Xi and Phi Beta 
Kappa and the social fraternity Beta Theta Pi. With his aid was established 
at the University of Kansas the first chapter of the geological fraternity, 
Sigma Gamma Epsilon, which is now so widely distributed in American uni- 
versities. 

Doctor Haworth is survived by his children, Henry Huntsman, also a 
geologist, Paul Eugene, Rose Elizabeth, and Margaret Josephine. Mrs. 
Haworth died at Wichita, Kansas, March 2, 1931. 


RAYMOND C. Moore 
LAWRENCE, KANSAS 
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WILLIAM G. GALLAGHER, JR. 


William G. Gallagher, Jr., fatally injured in an airplane accident at Whar- 
ton, Texas, on the evening of November 21, 1932, succumbed to his injuries 
early the following morning in the Baptist Memorial Hospital at Houston. 

This tragic event seemed almost incredible to his close associates and 
many friends, who were forced to realize that such a young man of so forceful 
a character and vigorous physique had been taken from them. 

Born in Brooklyn, October 13, 1898, he received his early schooling in 
Brooklyn and Mount Vernon, New York, attending high school in the latter 
place. His high school attendance was terminated with the entrance of the 
United States into the World War, by his voluntary enlistment in the navy, in 
which he served two years. 

In the fall of 1919, he entered the University of California and distin- 
guished himself in athletics, playing center on California’s ‘‘wonder” teams 
of 1921 and 1922. He received the A.B. degree with geology as a major in 
1923. He was a member of Sigma Chi, Theta Tau, and Golden Bear fraterni- 
ties. 

After graduation, he entered the employment of the Union Oil Company 
of California as an assistant geologist in the Rocky Mountain district, and 
was in the employ of its operating Texas subsidiary company, the Union Oil 
Company of Nevada, at the time of the fatal accident. 

His residence while in the employ of this company shifted through the 
Rocky Mountain and Mid-Continent districts. He first resided at Casper, 
Wyoming. In 1925, while living at Shawnee, Oklahoma, he married Elfrieda 
Ankerson of Mount Vernon, New York. In 1927, he was appointed chief 
geologist for the Rocky Mountains and Texas for this company, with head- 
quarters at Fort Collins, Colorado. When the Union Oil Company of Cali- 
fornia sold its Rocky Mountain holdings, he moved to Abilene, Texas, to take 
charge of the geological work in Texas for the Union Oil Company of Nevada. 
From Abilene, he moved to Beeville, Texas, his last residence. 

The warmth of friendliness created by such a strong personality, which 
knew no ill will, endeared him to those with whom he came in contact. 

His keen mentality, his intense application to the problem at hand, his 
high standard of living, and his honesty won him the respect and admiration 
of his associates and friends. 

He is survived by his wife, now residing in Mount Vernon, New York, 
his mother and father, Mr. and Mrs. W. G. Gallagher, Sr., a brother, Jack, 
and his sister, Irene, all of Merrick, Long Island. 

In the same fatal crash E. C. Templeton, geologist, who was working 
with Gallagher, was killed instantly, and the pilot, C. F. Lienesch, received 
serious injuries. The occupants of the plane were engaged in geologic work at 
the time of the accident. 


S. GRINSFELDER 
BEEVILLE, TEXAS 
January, 1933 
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CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


At the recent annual meeting of the Alberta Society of Petroleum Geol- 
ogists, the following officers were elected for the 1933 term: president, A. J. 
Childerhose; vice-president, G. R. Elliott; secretary-treasurer, V. Taylor, 119 
Sixth Avenue West, Calgary, Canada. A short technical session was held in 
which the following papers were contributed: ‘Public Relations,” by S. E. 
S.LrPPER; “Certain Types of Carbonaceous Sediments,” by T. B. WILLIAMs; 
“Deep Drilling in Western Canada,” by J. O. G. SANDERSON; “Faulting in 
the Coast Range of California,” by B. F. HAKE. 


At the weekly luncheon of the Fort Worth Geological Society, January 
23, FRANK A. HERALD presented a paper entitled, “Some Ideas Relative to 
the Valuation of Petroleum Properties.” This paper was published in the 
January 26 issue of The Oil and Gas Journal and the January 29 issue of Fort 
Worth Star-Telegram. 


H. M. Fritts, geologist for the Shell Petroleum Corporation at San 
Angelo, Texas, and Miss Frances Margaret Sullivan were married, December 
31, 1932, at the home of the bride’s parents in Big Spring. They will make their 
home in San Angelo, Texas. 


The Society of Economic Geologists will hold its thirteenth annual meet- 
ing at Princeton, New Jersey, July 7-8, 1933. E. S. Moore, University of 
Toronto, Canada, is chairman of the program committee. 


The Sixteenth International Geological Congress meets at Washington, 
D.C., July 22-29, 1933, with field trips to several parts of the country. For 
further particulars write to W. C. MENDENHALL, United States Geological 
Survey, Washington, D.C. 


A World Petroleum Congress, organized by The Institution of Petroleum 
Technologists, London, wili be held in London, July 19-25, 1933. The 
Geology Section under the chairmanship of Arthur Wade, Aldine House, Bed- 
ford Street, London, W. C. 2, has planned three symposia for the technical 
program: on July 20, “Modern Developments in Geological Exploration” ; 
July 21, “Geological Significance of the Regional Distribution of Oil Fields”’; 
and July 24, ‘Geological Aspects of Oil-Field Development.” 


CARLTON MEREDITH, geologist and consulting petroleum engineer, for- 
merly of Cisco, Texas, has opened an office in Dallas, Texas. 


FREDERICK G. CLapp, consulting geologist of New York City, has a 
paper entitled “Oil Concessions in the Middle East” in the February, 1933, 
issue of Mining and Metallurgy. 


Hans HEvsseEr, geologist and formerly of Basel, Switzerland, is now in 
Madrid, Spain. He may be addressed at Conde Pejialver 15. 
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ARNOLD S. BunTE, geologist for the Shell Petroleum Corporation, has 
been transferred from Houston, Texas, to Iowa, Louisiana. 


DELMER L. Powers, formerly chief geologist of Hudson’s Bay Oil and 
Gas Company, Calgary, Canada, has been transferred to the Rocky Mountain 
Division of the Continental Oil Company at Denver, Colorado. His address is 
1040 Continental Oil Building. 


Davip GLYNN JONEs and CHARLES EpMuUND Woop are authors of a paper, 
“A Contribution to the Study of Oil-Field Water Analysis,’ published in the 
October, 1932, issue of the Journal of the Institution of Petroleum Technologists. 


RUSSELL V. JOHNSON, consulting geologist of Calgary, Alberta, Canada, 
is now in Vancouver, and may be addressed at 960 Jervis Street. 


Homer A. Nos te, formerly in the geological department of the Shell 
Petroleum Corporation, Houston, Texas, has opened offices in the Sterling 
Building at Houston where he will do consulting work. 


A. J. BAUERNSCHMIDT, JR., formerly of Salt Lake City, Utah, is now with 
the Union Sulphur Company and may be addressed at Sulphur, Louisiana. 


JosEerH J. ZoricHak, geologist for the Stanolind Oil and Gas Company, 
has been transferred from Denver, Colorado, to Tulsa, Oklahoma. 


An Oil Equipment and Engineering Exposition will be held at Dallas, 
Texas, April 17-23, 1933. The location is the Machinery Building at the 
Texas State Fair Grounds. For further information, address the Dallas 
Chamber of Commerce, Dallas, Texas. 


Announcement has recently been made by the National Research Council 
of Canada of the resumption of plans for holding the Fifth Pacific Science 
Congress, postponed from last year. This Congress will be held in Victoria 
and Vancouver, British Columbia, between the dates of June 1 and 14, 1933. 
Following the sessions excursions will be arranged through the western part of 
Canada. Further information may be obtained from H. E. Grecory, chair- 
man, committee on Pacific investigations, National Research Council, 
Washington, D.C. 


President FREDERIC H. LAHEE spoke before the West Texas Geological 
Society at San Angelo, February 7, his subject being ‘‘The Affairs of the 
Association.” This is the fifteenth group of Association members to whom he 
has spoken on this subject. 


Joun R. Kiep, graduate mining engineer of the University of Louvain, 
Belgium, and now at the University of Oklahoma, Norman, spoke before the 
Tulsa Geological Society, February 6, on the subject, “Structural Geology of, 
and Production Methods in, the Moreni Oil Fields of Roumania.” Following 
this paper, M. M. Kin ey, of Tulsa, showed his motion pictures of extinguish- 
ing an oil well fire in the Moreni field. 


Ceci V. HAGEN is geologist for the firm of Orr and Johnson, Fort Worth, 
Texas, and at present is located at Laredo, Texas. His address is Box 674. 


W. A. CLARK, JR., is doing independent work along the Conroe trend and 
has headquarters at Box 24, Livingston, Texas. 
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GEORGE SHEPPARD, who recently left Ecuador for Hull, England, has a 
paper entitled, “Outlines of Ecuadoran Geology,” in the February, 1933, 
issue of the Pan-American Geologist, pp. 45-56. 


R. C. ConKiine, who has been district geologist for the Shell Petroleum 
Corporation, San Angelo, Texas, has been transferred to the division offices 
of the company at Houston, Texas. 


Nearly two hundred students and friends attended the dedication of the 
portraits of CHARLES N. GouLD, director of the recent Oklahoma Geological 
Survey, and CHar.Es E. DECKER, professor of paleontology, held in the ball- 
room of the Student Union Building on the campus of the University of 
Oklahoma at Norman, February 8, 1933. Short talks by friends and former 
students included: IrviNG PERRINE, presiding; R. L. Cirrron, “Dr. Gould’s 
Services to the State”; Guy Wiirams, “Dr. Gould as a Teacher’; Roy 
HapsELL, ‘“‘Dr. Gould as a Pioneer”; J. T. RicHarps, “Dr. Decker’s Service 
to the State’; C. L. Cooxsry, “Dr. Decker as a Teacher’; and Jerry B. 
Newsy, “Dr. Decker’s Services to The American Association of Petroleum 
Geologists.’”’ On behalf of the University, president Bizzell accepted the por- 
traits, which will be hung in the library of the Geology Building. 


The Fort Worth Geological Society of which R. H. Fasn, of the Fort 
Worth Laboratories, Box 1008, Fort Worth, Texas, is secretary-treasurer, and 
Pau L. APPLIN is president, has presented the following programs at its 
Monday noon luncheons at the Worth Hotel this year. 


“Experiences of a Mining Engineer in the Federated Malay States,” by E. B. 
KIMBALL. 

“Ideas Relative to Evaluating Petroleum Properties,” by FRANK A. HERALD. 

“History of the Discovery of the Pledger Dome, Brazoria County, Texas,” 
R. R. THOMPSON. 

“Geology of the Van Field,” by R. A. LippLe. 

“General Geological Reconnaissance in Northern Ontario, Canada,” by Forp 
BRADISH. 

“Geology and Oil and Gas Development in Ector County, Texas,” by S. H. 
CASTEEL. 

“General Geological Reconnaissance in South and Central America,” by V. E. 
EKHOLM. 

“Heavy Minerals and Their Use in Correlation Problems,” by C. D. Carpry. 

“Kelsey Dome, Texas,”’ by A. R. DENISON. 


The San Antonio Section of the Association presented the following 
technical program at its annual meeting at San Antonio, Texas, February 17 
and 18, 1933. 


“The Importance of the Oil Industry to Southwest Texas,” by Ike S. KAMPMANN. 

“Résumé of Oil and Gas Development in Southwest Texas during 1932,” by I. K. 
HowETH. 

“The Value of Gas Conservation and Efficient Use of a Natural Water Drive as 
Demonstrated by Laboratory Models,” by H. D. WILpE, Jr. 

“‘Producing Horizons of the Texas Gulf Coast,” by ALEXANDER DEUSSEN. 

“The Pettus Sand of Southwest Texas,” by AL. FERRANDO. 

“Surface and Subsurface Relationships of the Yegua, Jackson and Frio Forma 
tions in Southwest Texas,” by Frep P. SHAyYEs. 

“Plug-Back Work in the Salt Flat Oil Field, Caldwell County, Texas,” by R. E. 
WATSON. 

“The Carolina-Texas and Laurel Fields of Webb County, Texas,” by Don Dan- 
VERS and OLIN G. BELL. 
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“The Driscoll Ranch Pool of Duval County, Texas,” by I. R. SHELDON. 
“A Subsurface Study of Ordovician Stratigraphy of West and Southwest Texas,” 
by Henry Morean. 


“Subsurface Conditions in Southeastern Edwards Plateau Area,” by JoseEPpH M. 
DAWSON. 


“Deep Well Correlations Along the Balcones Fault Zone,”’ by Sam H. Houston, Jr. 

“The Purpose and Methods of Field Work in Southwest Texas of the Water Re- 
sources Division of the U. S. Geol. Survey,” by W. N. WHITE. 

Secretary-treasurer CHARLES A. STEWART reported that approximately 
250 persons attended the meeting. The formal opening of the new geological 
museum and library of the San Antonio Geological Society at 526 Milam 
Building was announced. On Saturday morning the geologists visited the 
laboratories of the Edgar Tobin Aerial Surveys. At night 150 persons at- 
tended the dinner-dance. 

Officers elected for the new year are: president, L. F. McCoLtum; vice- 
president, FRED P. SHAYES; secretary-treasurer, JULIAN Q. Myers. The past- 
president, Ep. W. OWEN, continues as a member of the executive committee, 
and DitwortH S. HAGER is the fifth member of the committee. JosEPpH M. 
Dawson is the San Antonio district representative on the Association busi- 
ness committees of 1934 and 1935. 


The Petroleum Geologists of Strasbourg (Groupe du Géologues Pé- 
troliers de Strasbourg) have elected the following officers for 1933: president, 
Ch. R. HorFrMANN; treasurer, R. SCHNAEBELE; secretary, J. JUNG, 2, rue 
Boussingault, Strasbourg, France. 


President LAHEE has appointed the following delegates to represent the 
Association at the Sixteenth Session of the International Geological Congress 
at Washington, D. C., and on the field trips: ALEXANDER DEUSSEN, of Hous- 
ton, Texas; FRANK W. DEWoOLrF, of Urbana, Illinois; James H. GARDNER, 
of Tulsa, Oklahoma; Ratpu D. REED, of Los Angeles, California; and L. C. 
SNIDER, of New York. 


Professor W. H. HAas is serving as acting chairman of the department 
of geology and geography at Northwestern University. 


Recent visiting lecturers before the department of geology and geogra- 
phy, Northwestern University, included: T. A. Henpricks, of the United 
States Geological Survey, ‘The Classification of Coal;” L. E. WorKMAN, of 
the Illinois Geological Survey, “Subsurface Methods as Applied to Illinois;”’ 
C. W. WASHBURNE, consulting geologist of New York, ‘Structural Studies in 
the Oregon Coast Ranges;”’ G. R. MANSFIELD, of the United States Geological 
Survey, “Viewpoints in Geological Research;’”’ and E. S. Bastin, of the Uni- 
versity of Chicago, ‘“‘Ores of Copper Lean in Iron and Sulphur.” 


Lesiie A. FisHER, geologist for the Sinclair Prairie Oil Company, is sta- 
tioned at Conroe, and H. Smitn CLark, geologist for the same company, is 
stationed at Fort Worth, Texas. Items about these men in the February 
Bulletin were erroneous. 


Rex W. McGEHEE, formerly assistant on the Oklahoma Geological Survey 
and the Geological Survey of Illinois, talked before the Tulsa Geological So- 
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ciety on the subject, “Pennsylvanian Cycle of Illinois and its Significance,”’ 
February 20. 


RoBErtT Rot, formerly with the Indian Territory Illuminating Oil Com 
pany at Bartlesville, Oklahoma, has moved to Paonia, Colorado, for the 
summer. 
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